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PREFACE 


The fifth edition of Beginning Algebra with Applications provides a mathematically 
sound and comprehensive coverage of the topics considered essential in a begin- 
ning algebra course. The text has been designed not only to meet the needs of the 
traditional college student but also to serve the needs of returning students whose 
mathematical proficiency may have declined during their years away from formal 
education. 

In this new edition of Beginning Algebra with Applications, careful attention has 
been given to implementing the standards suggested by NCTM and AMATYC. 
Each chapter begins with a mathematical vignette consisting of an application, 
historical note, or curiosity related to mathematics, as well as a career note. At 
the end of each section there are Applying Concepts exercises that include 
writing, synthesis, critical thinking, and challenge problems. The chapter ends 
with Focus on Problem Solving and Projects and Group Activities. The Focus on 
Problem Solving feature demonstrates various proven problem-solving strate- 
gies and then asks the student to use the strategies to solve problems. The Pro- 
jects and Group Activities feature extensions, or applications, of a concept that 
was covered in the chapter. These projects can be used for cooperative learning 
activities or extra credit. 


Instructional Features 


Interactive Approach 


Beginning Algebra with Applications uses an interactive style that gives the student 
an opportunity to try a skill as it is presented. Each section is divided into objec- 
tives, and every objective contains one or more sets of matched-pair examples. 
The first example in each pair is worked out; the second example, labeled Prob- 
lem, is for the student to work. By solving this problem, the student practices 
using concepts as they are presented in the text. There are complete worked-out 
solutions to these problems in a Solutions section at the end of the book. By com- 
paring their solutions to model solutions, students can get immediate feedback on 
and reinforcement of the concepts. 


Emphasis on Problem-Solving Strategies 


Beginning Algebra with Applications features a carefully sequenced approach to 
application problems that emphasizes using proven strategies to solve problems. 
Students are encouraged to develop their own strategies, to draw diagrams, and 
to write their strategies as part of the solution to each application problem. In each 
case, model strategies are presented as guides for students to follow as they 
attempt the matched-pair Problem. 


Emphasis on Applications 


The traditional approach to teaching algebra covers only the straightforward 
manipulation of numbers and variables and thereby fails to teach students the 
practical value of algebra. By contrast, Beginning Algebra with Applications contains 
an extensive collection of contemporary application problems. Wherever appro- 
priate, the last objective of a section presents applications that require the student 
to use the skills covered in that section to solve practical problems. This carefully 
integrated, applied approach generates awareness on the student’s part of the 
value of algebra as a real-life tool. 
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Integrated Learning System Organized by Objectives 


Each chapter begins with a list of the learning objectives included within that 
chapter. Each objective is then restated in the chapter to remind the student of the 
current topic of discussion. The same objectives that organize the text are reflected 
in the structure for exercises, for the testing programs, and for the HM? Tutorial. 
Associated with every objective in the text is a corresponding computer tutorial 
and a corresponding set of test questions. 


The Interactive Approach 


Instructors have long recognized the need for a text that requires the student to use 
a skill as it is being taught. Beginning Algebra with Applications uses an interactive 
technique that meets this need. Every objective, including the one shown below, 
contains at least one pair of examples. One of the examples in the pair is worked. 
The second example in the pair (the Problem) is not worked so that the student 
may “interact” with the text by solving it. In order to provide immediate feed- 
back, a complete solution to this Problem is provided in the Solutions section. The 
benefit of this interactive style is that students can check whether they have 
learned the new skill before they attempt a homework assignment. 


Emphasis on Applications 


An explanatory passage begins 
each skill objective. 


The solution of an application problem in Beginning Algebra with Applications 
comprises two parts: Strategy and Solution. The strategy is a written description 
of the steps that are necessary to solve the problem; the solution is the implemen- 


SHE: CTA WON pa 
Introduction to Equations 


HH Determine whether a given number is a 


solution of an equation 


POINT OF INTEREST 


One of the most famous 
equations ever stated is 
E= me’. This equation, 
stated by Albert Einstein, 
shows that there is a 
relationship between 
mass mand energy E. 


Paired examples follow the 
explanatory passage. 


The Problem is the key to the 
interactive approach. It has not 
been worked so that the student 
may practice the skill, referring 
to the worked example above if 
necessary. 


Reference to the page where 
the problem is solved in the 
Solutions section allows the 
student to check solutions 
immediately. 


An equation expresses the equality of 
two mathematical expressions. The expres- 
sions can be either numerical or variable 
expressions. 


The equation at the right is true if the vari- 
able is replaced by 5. 


The equation x + 8 = 13 is false if the 
variable is replaced by 7. 


9+3=12 
3x —2= 10 
y+4=2y-1 
z=2 

x+8=13 
5+8=13 


7+8=13 


Equations 


A true equation 


A false equation 


A solution of an equation is a number that, when substituted for the variable, 
results in a true equation. 5 is a solution of the equation x + 8 = 13. 7is nota solu- 


tion of the equation x + 8 = 13. 


Example 1 


4x+16=x?-5 
4(-—3) + 16 


Solution 


1 2s-alG 


4=4 


Yes, —3 is a solution of the 
equation 4x + 16 = x° — 5, 


Is —3 a solution of the equation 4x + 16 = x? — 5? 


> Replace the variable by the 
given number, —3. 

> Evaluate the numerical expres- 
sions using the Order of Opera- 
tions Agreement. 

> Compare the results. If the 
results are equal, the given num- 
ber is a solution. If the results are 
not equal, the given number is 
not a solution. 


Is ; a solution of 5 — 4x = 8x + 2? 


Solution ~ See page S4. 
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tation of the strategy. Using this format provides students with a structure for 
problem solving. It also encourages students to write strategies for solving prob- 
lems, which in turn fosters their organizing problem-solving strategies in a logical 
way. Having students write strategies is a natural way to incorporate writing into 
the math curriculum. 


Example 10 During the 1998 Major League Baseball season, the Toronto 


Blue Jays won 54.3% of the 162 games they played. How many 
games did Toronto win? 












A strategy th at the student may Strategy To find the number of games won, solve the basic percent equa- 
use in solving an application tion using B = 162 and P = 54.3% = 0.543. The amount is 
problem is stated. unknown. 
Solution PB=A 
Q E 0.543(162) = A 
This strategy is used in the e =A 


solution of the worked example. 
Toronto won 88 of their games during the 1998 baseball season. 


Problem 10 The price of your King Size Value Meal at Burger King was 
$5.18. There was a 5% meal tax added to the price. How much 


the tax? 
When students compare their was the tax 


solutions to those in the Solution See page S5. 
Solutions section, they will see 
a complete solution of the 
problem along with a written Solana a Problem 4 5x +4=6 + 10x 


P(80) = 72 5x — 10x + 4=6 + 10x — 10x 
strategy for solving the problem. 30P — 72 See 


80P _ 72 on 4— 4 ='6 = 4 
80 80 Fens 2 
PE 09 Son fl k2e 
= 5 
90% of the questions were answered 
correctly. 
The solution is 2. 
Strategy To determine the tax on the King Size 


Value Meal, solve the basic percent equa- Problem 5 5x — 4(3 — 2x) = 2(3x — 2) + 6 
tion using B =5.18 and P = 5% = 0.05. Sy 1D On be AEG 
y The amount is unknown. 13x = 12 [6x +2 


Solution PB=A 13x — 6x — 12 = 6x — 6x + 2 
0.05(5.18) = A Mee = WP 
0.26~A Ga Ve ted 


The tax was $.26. 7x = 14 


The Objective-Specific Approach 


Many texts in mathematics are not organized in a manner that facilitates manage- 
ment of learning. Typically, students are left to wander through a maze of appar- 
ently unrelated lessons, exercise sets, and tests. Beginning Algebra with Applications 
solves this problem by organizing all lessons, exercise sets, computer tutorials, 
and tests around a carefully constructed hierarchy of objectives. The advantage of 
this objective-by-objective organization is that it enables the student who is uncer- 
tain at any step in the learning process to refer easily to the original presentation 
and review that material. 

The objective-specific approach also gives the instructor greater control over 
the management of student progress. The computerized testing program and the 
printed testing program are organized in terms of the same objectives as the text. 
These references are provided with the answers to the test items. This allows the 
instructor to identify quickly those objectives for which a student may need addi- 
tional instruction. 
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An objective statement names 
the topic of each lesson. 


The exercise sets correspond to 
the objectives in the text. 


The answers to the odd- 
numbered exercises are 
provided in the Answer section. 


The answers to the Chapter 
Review Exercises, the Chapter 
Test, and the Cumulative Review 
Exercises show the objective to 
study if the student incorrectly 
answers the exercise. 





The HM? Tutorial is also organized around the objectives of the text. As a result, 
supplemental instruction is available for any objectives that are troublesome for a 
student. 


SB Cul ie OLN 2. 
Introduction to Equations 


Co 


BH Determine whether a given number is a 
solution of an equation 


EXERCISES 3.1 


OM 1. ¥ What is the difference between an equation and an expression? 


De ¥ How can you determine whether a number is a solution of an equation? 


Is —1 a solution of 
2b -1=3? 


Is 3 a solution of 5. 
y+4=72 


3. Is 4a solution of 4. 
2x = 8? 


SECTION 3.1 


3. Yes 5. No 7. No 9. Yes 11. Yes 13. Yes 15. No 17. No 19. No 21. Yes 


CHAPTER REVIEW EXERCISES 


1. No (Obj. 3.1.1) 2. 20 (Obj. 3.1.2) 3: =7 (Obj: 3.1/3) 4. 7 (Obj. 3.2.1) 5. 4 (Obj. 3.2.2) 


CHAPTER TEST 


1 


1. —12 (Obj. 3.1.3) Ze 5) (Obj. 3.2.2) 3. =3) |(Obj-3:231) 4. No (Obj. 3.1.1) a : (Obj. 3.1.2) 





CUMULATIVE REVIEW EXERCISES 
1. 6 (Obj.1.2.2) 2 48 (Obj. 1.2.3) 


(Obj.1.3.3) 4. 


2 (Obj.13.4) 5. 54 (Obj. 1.41) 


48 





Features of This Edition 


Topical Coverage 


Beginning Algebra with Applications carefully integrates a balance of applications 
and skill development to help students understand the connection between math- 
ematics and its application. 

The application problems in the text are diverse and contemporary. We have 
included applications from business, sports, economics, and medicine, to name but 
a few. Many of these applications are new and include topics not included in earlier 
editions. A complete list of the applications can be found in the Index of Applications. 


Margin Notes 


There are two types of margin notes in the student text. Point of Interest notes fea- 
ture interesting sidelights of the topic being discussed. The Look Closely feature 
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warns students that a procedure may be particularly involved or reminds stu- 
dents that there are certain checks of their work that should be performed. In 
addition, there are Instructor Notes that are printed only in the Instructor’s Anno- 
tated Edition. These notes provide suggestions for presenting the material or 
related material that can be used in class. 


Study Tips 


Effective study skills are an important factor in achieving success in any discipline. 
This is especially true in mathematics. To help students acquire these skills, we offer 
Study Tips boxes throughout the first few chapters of the text. Each box contains a 
suggestion that will lead to improved study habits. 


Focus on Problem Solving 


Although successful problem solvers use a variety of techniques, it has been well 
established that there are basic recurring strategies. Among these are trying to 
solve a related problem, finding a counterexample, trying to solve an easier prob- 
lem, working backwards, trial and error. The Focus on Problem Solving features 
present some of these methods in the context of a problem to be solved. Students 
are encouraged to apply these strategies in solving similar problems. 


Projects and Group Activities 


The Projects and Group Activities appear near the end of each chapter. These pro- 
jects can be used for extra credit or as cooperative learning activities. Through 
these projects, some of the strategies suggested by AMATYC can be implemented. 
These projects offer an opportunity for students to explore topics relating to func- 
tions, geometry, statistics, science, and business. 


HM? Tutorial 


This state-of-the-art tutorial software is a networkable, interactive, algorithmi- 
cally-driven software package that supports every objective in the text. The HM? 
Tutorial and the text are both written by the authors. Features include full-color 
graphics, a glossary, extensive hints, animated examples, and a comprehensive 
classroom-management system. 

The algorithmic feature provides a virtually infinite number of practice prob- 
lems for students to attempt. The algorithms have been carefully crafted to pre- 
sent a variety of problem types, from easy to difficult. Helpful hints and a 
complete worked-out solution are available for every problem. When students 
complete a problem, there is an option to repeat a similar problem or move on to 
another type of problem. A quiz feature is now also part of the package. 

The interactive feature asks students to respond to questions about the topic in 
the current lesson. In this way, students can assess their understanding of con- 
cepts as these are presented. These interactive questions are also algorithmically 
driven and offer hints as well as a full solution. 

The user-friendly classroom-management system allows instructors to create a 
syllabus, post notes to individual students or a class, enter their own assessment 
items (for example, homework, class participation, and so forth), and choose the 
mastery level. There are a variety of printable reports offered; these can be called 
up by student, by class, or by objective, and many reports tell at a glance those stu- 
dents who are not achieving the mastery level specified by the instructor. 
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Index of Applications 


The Index of Applications that follows the Preface provides a quick reference for 
application problems from a wide variety of fields. 


Graphing Calculators 


Graphing calculators are incorporated as an optional feature at appropriate places 
throughout the text. Graphing calculator material is designated by the graphing 
calculator icon shown at the beginning of this paragraph. The graphing calculator 
may help some students as they struggle with new concepts. However, all graph- 
ing calculator material can be omitted without destroying the integrity of the 
course. Students can consult the Appendix, Guidelines for Using Graphing Cal- 
culators, for help with keystroking procedures to use for several models of graph- 
ing calculators. 


Chapter Summaries 


The Chapter Summaries have been written to be a useful guide to students as they 
review for a test. The Chapter Summary includes the Key Words and the Essential 
Rules and Procedures that were covered in the chapter. Each key word and essen- 
tial rule is accompanied by an example of that concept. 


Glossary 


The Glossary at the back of the book includes definitions of terms used in the text. 


Exercises 


End-of-Section Exercises 


Beginning Algebra with Applications contains more than 6000 exercises. At the end 
of each section there are exercise sets that are keyed to the corresponding learning 
objectives. The exercises have been carefully developed to ensure that students 
can apply the concepts in the section to a variety of problem situations. 


Concept Review Exercises 


These “Always true, Sometimes true, or Never true” exercises precede every exer- 
cise set and are designed to test a student's understanding of the material. Using 
Concept Review exercises as oral exercises at the end of a class session can lead to 
interesting class discussions. 


Applying Concepts Exercises 


The end-of-section exercises are followed by Applying Concepts exercises. These 
contain a variety of exercise types: 


Challenge problems (designated by [C] in the Instructor’s Annotated Edition 
only) 


Problems that ask students to interpret and work with real-world data 
Writing exercises 

Problems that ask students to determine incorrect procedures 
Problems that require a more in-depth analysis 
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Data Exercises 


P 
These exercises, designated by ¢ , ask students to analyze and solve problems 
taken from actual situations. Students are often required to work with tables, 
graphs, and charts drawn from a variety of disciplines. 


Writing Exercises 


Writing exercises, denoted by ¥ , occur at the beginning of many exercise sets and 
within Applying Concepts exercises. These exercises ask students to write about a 
topic in the section or to research and report ona related topic. There are also writ- 
ing exercises in some of the application problems. These exercises ask students to 
write a sentence that describes the meaning of their answers in the context of the 
problem. 


Chapter Review Exercises and Chapter Tests 


Chapter Review exercises and a Chapter Test are found at the end of each chapter. 
These exercises are selected to help the student integrate all the topics presented 
in the chapter. The answers to all Chapter Review and Chapter Test exercises are 
given in the Answers section. Along with the answer, there is a reference to the 
objective that pertains to each exercise. 


Cumulative Review Exercises and Final Exam 


Cumulative Review exercises, which appear at the end of Chapters 2-11, help the 
student maintain skills learned in previous chapters. In addition, a Final Exam 
appears at the end of Chapter 11. The answers to all Cumulative Review and Final 
Exam exercises are given in the Answers section. Along with the answer, there is 
a reference to the objective that pertains to each exercise. 


New to this Edition 


Material on similar triangles has been added to Chapter 9, Algebraic Fractions. 

Geometry material in Chapter 4, Solving Equations and Inequalities: Applications, 
has been expanded and new material on angles of intersecting lines has been added. 

The calculator material within the exposition has been expanded. We have 
given more prominence to the in-text calculator commentary by boxing this mate- 
rial and identifying it with an icon. 

We have more than doubled the number of projects found at the end of each 
chapter. In addition, those projects involving calculators and Internet sites have 
been easily identified with an appropriate icon. Graph interpretation exercises 
have also been added to the projects. 

Career notes and photos have been added to the chapter openers to illustrate to 
students the diverse ways in which mathematics is used in the workplace. 

In response to suggestions by users, the writing and data icons appear in the 
student text as well as the Instructor’s Annotated Edition. We have also integrated 
writing exercises within the exercise sets rather than limit them to the Applying 
Concepts section of the exercises. 

All the real-sourced data exercises and examples have been updated and many 
new data problems have been added. We have also titled application exercises to 
help motivate student interest. 
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To be consistent with our objective-specific approach, we have expanded the 
table of contents to include objective statements. 


Supplements for the Instructor 


Instructor’s Annotated Edition 


The Instructor’s Annotated Edition is an exact replica of the student text except 
that answers to all exercises are given in the text. Also, there are Instructor Notes 
in the margins that offer suggestions for presenting the material in that objective. 


Instructor’s Resource Manual with Solutions Manual 


The Instructor’s Resource Manual includes suggestions for course sequencing and 
gives sample answers for the writing exercises. The Solutions Manual contains 
worked-out solutions for all end-of-section exercises, Concept Review exercises, 
Focus on Problem Solving exercises, Projects and Group Activities, Chapter 
Review exercises, Chapter Test exercises, Cumulative Review exercises, and Final 
Exam exercises. 


Computerized Test Generator 


The Computerized Test Generator is the first of three sources of testing material. The 
database contains more than 2000 test items. These questions are unique to the 
Test Generator. The Test Generator is designed to provide an unlimited number of 
chapter tests, cumulative chapter tests, and final exams. It is available for 
Microsoft Windows® and the Macintosh. Both versions provide algorithms, 
gradebook functions, and on-line testing. 


Printed Test Bank with Chapter Tests 


The printed Test Bank, the second component of the testing material, is a printout 
of all items in the Computerized Test Generator. Instructors who do not have 
access to a computer can use the test bank to select items to include on tests pre- 
pared by hand. The Chapter Tests comprise the printed testing program, which is 
the third source of testing material. Eight printed tests, four free-response and 
four multiple-choice, are provided for each chapter. In addition, there are cumu- 
lative tests for use after Chapters 4, 8, and 11, and a Final Exam. 


Supplements for the Student 


Student Solutions Manual 


The Student Solutions Manual contains complete solutions to all odd-numbered 
exercises in the text. 


HM? Tutorial 


The content of this new interactive state-of-the-art tutorial software was written 
by the text authors. The HM? Tutorial supports every objective in the text. Prob- 
lems are algorithmically generated, lessons provide animated examples, lessons 
and problems are presented in a colorful, lively manner, and an integrated class- 
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room management system tracks and reports student performance. Features 


include: 

° assessment e pedagogical animations 

e free-response problems ° interactivity within lessons 

e ability to repeat same problem type e algorithms 

° printing capability e extensive classroom management 
e glossary with syllabus customization and 
e resizable screen a variety of reports 


The HM? Tutorial can be used in several ways: (1) to cover material the student 
missed because of absence; (2) to reinforce instruction on a concept that the stu- 
dent has not yet mastered; (3) to review material in preparation for exams; (4) for 
self instruction. 

This networkable HM? Tutorial is available on CD-ROM for Windows. There is 
also an alternate version offered for the Macintosh, available only on floppy disk. 
The HM? Tutorial is free to any school upon adoption of this text; however, stu- 
dents can purchase a non-networkable copy of the HM? Tutorial for home use. 


"ij Within each section of the book, a computer disk icon appears next to each 
“I objective. The icon serves as a reminder that there is an HM? Tutorial lesson 
corresponding to that objective. 





Videotapes 


The videotape series contains lessons that accompany Beginning Algebra with 
Applications. These lessons follow the format and style of the text and are closely 
tied to specific sections of the text. Each videotape begins with an application, and 
then the mathematics needed to solve that application is presented. The tape 
closes with the solution of the application problem. 





Within each section of the book, a videotape icon appears next to each 
cm) | objective that is covered by a videotape lesson. 
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County agricultural agents work with 
farmers to help them produce better 
crops. Many agents are specialists in 
soils. They teach farmers about the 
physical and chemical characteristics of 
the soil, helping them to make the most 
productive use of their land. Agricultural 
agents must have a good understanding 
of percents in order to analyze the 
composition of nutrients in farmland. 
Their goal is to assist farmers in 
improving the quality and quantity of 
crop yields and in controlling diseases 
and pests. 
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OBJECTIVES 


Order relations 


Opposites and absolute value 

Add integers 

Subtract integers 

Multiply integers 

Divide integers _ 

Application problems 

Write rational numbers as decimals _ 


Convert among percents, fractions, and 
decimals 


Add and subtract rationalnumbers ts 


Multiply and divide rational numbers 
Exponential expressions — 
The Order of Operations Agreement 





Early Egyptian Fractions 





One of the earliest written documents of mathematics is the Rhind Papyrus. 
This tablet was found in Egypt in 1858, but it is estimated that the writings 
date back to 1650 B.c. 


The Rhind Papyrus contains over 80 problems. Studying 
these problems has enabled mathematicians and scientists to 
understand some of the methods by which the early Egyptians 
used mathematics. _ 


Evidence gained from the Papyrus shows that the Egyptian 
method of calculating with fractions was much different from 
the methods used today. All fractions were represented in 
terms of what are called unit fractions. A unit fraction is a 
fraction in which the numerator is 1. This fraction was 
symbolized with a bar over the number. Examples (using 
modern numbers) include 

Fl an ow! 
3= 3 15 = iG 

The early Egyptians also tended to deal with powers of two 
(2,4, 8, 16,...). As a result, representing fractions with a 2 in 
the numerator in terms of unit fractions was an important 
matter. The Rhind Papyrus has a table giving the equivalent 
unit fractions for all odd denominators from 5 to 101 with 2 as 
the numerator. Some of these are listed below. 


2 315 eel ek 
See (2=2+2) 
2 GAS 

7 — 428 

2 Sos 

7m 000 

2. 

79 — 1276114 
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POINT OF INTEREST 


The Alexandrian astronomer 
Ptolemy began using 
omicron, o, the first letter of 
the Greek word that means 
“nothing,” as the symbol for 
zero in A.D 150. It was not 
until the 13th century, 
however, that Fibonacci 
introduced 0 to the Western 
world as a placeholder so 
that we could distinguish, for 
example, 45 from 405. 


Introduction to Integers 





Order relations 


It seems to be a human characteristic to group similar items. For instance, a 
botanist places plants with similar characteristics in groups called species. Nutri- 
tionists classify foods according to food groups; for example, pasta, crackers, and 
rice are among the foods in the bread group. 


Mathematicians place objects with similar properties in groups called sets. A set is 
a collection of objects. The objects in a set are called the elements of the set. 


The roster method of writing sets encloses a list of the elements in braces. The set 
of sections within an orchestra is written {brass, percussion, strings, woodwind}. 


The numbers that we use to count objects, such as the number of students in a 
classroom or the number of people living in an apartment house, are the natural 
numbers. 


Natural numbers = {1, 2,3, 4,5, 6,7, 8,9, 10,...} 


The three dots mean that the list of natural numbers continues on and on and that 
there is no largest natural number. 


The natural numbers do not include zero. The number zero is used for describing 
data such as the number of people who have run a two-minute mile and the num- 
ber of college students at Providence College who are under the age of 10. The set 
of whole numbers includes the natural numbers and zero. 


Whole numbers = {0, 1, 2,3, 4,5, 6,7,...} 


The whole numbers do not provide all the numbers that are useful in applications. 
For instance, a meteorologist also needs numbers below zero. 


Integers"... 0), 2, We Opa 


Each integer can be shown on a number line. The integers to the left of zero on the 
number line are called negative integers. The integers to the right of zero 
are called positive integers, or natural numbers. Zero is neither a positive nor 
a negative integer. 


Integers 
A 





ee 
Negative 
integers Zero 


Positive 
integers 


The graph of an integer is shown by placing a heavy dot on the number line directly 
above the number. The graphs of —3 and 4 are shown on the number line below. 


-5 -4 -3 -2 -l 0 1 2 5 4 5 
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POINT OF INTEREST 


The symbols for “is less 
than” and “is greater than” 
were introduced by Thomas 
Harriot around 1630. Before 
that, ~ and = were used for 
< and >, respectively. 


Consider the following sentences. 


The quarterback threw the football, and the receiver caught it. 

A student purchased a computer and used it to write English and history 

papers. 
In the first sentence, it is used to mean the football; in the second sentence, it 
means the computer. In language, the word if can stand for many different objects. 
Similarly, in mathematics, a letter of the alphabet can be used to stand for a num- 
ber. Such a letter is called a variable. Variables are used in the following definition 
of inequality symbols. 


Definition of Inequality Symbols 





If a and b are two numbers and a is to the left of b on the number line, then a 
is less than b. This is written a < b. 


If a and b are two numbers and a is to the right of b on the number line, then 
a is greater than b. This is writtena > b. 


Negative 4 is less than negative 1. 


— Ha I SS a a a ae 
-5 -4 -3 -2 -1 0 1 2: 3 4 5 


5 is greater than 0. 


5>0 <—+—+—+—+—_ +4} + +++ > 
-5 -4 -3 -2 -1 0 1 2 3 4 5 


There are also inequality symbols for is less than or equal to (<) and is greater 


than or equal to (=). 


7=15 7 is less than or equal to 15. 6=6  6is less than or equal to 6. 
This is true because 7 < 15 . This is true because 6 = 6. 


Example 1 Use the roster method to write the set of negative integers greater 
than or equal to —6. 


Solution A = {-6,—5, —4,—3,—2,—1} >A set is designated by a 
capital letter. 





Problem 1 Use the roster method to write the set of positive integers less 
than 5. 


Solution See page S1. 


r Example 2 Given A = {—6, —2, 0}, which elements of set A are less than or 
i equal to —2? 


POINT OF INTEREST 


The definition of absolute 
value given in the box is 
written in what is called 
rhetorical style. That is, itis 
written without the use of 
variables. This is how all 
mathematics was written 
prior to the Renaissance. 
During that period from the 
14th to the 16th century, the 
idea of expressing a variable 
symbolically was developed. 
In terms of that symbolism, 
the definition of absolute 
value is 


% x> 0 
|x| = 0, x=0 


x, x= 0 
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| Solution —6 < —2 > Find the order relation between each element of set A 
| and —2. 

' op 

| O>-2 

| The elements —6 and —2 are less than or equal to —2. 

Problem 2 Given B = {—5, —1,5}, which elements of set B are greater 
: than —1? 

“= Solution See page S1. 


ne 
Lt] 


CoOe 


Two numbers that are the same distance from zero on the number line but are on 
opposite sides of zero are opposite numbers, or opposites. The opposite of a 
number is also called its additive inverse. 


Opposites and absolute value 


The opposite of 5 is —5. ee 





The opposite of —5 is 5. -5-4-3-2-1 012 3 4 5 


The negative sign can be read “the opposite of.” 


(2) = =22)) The opposite of 2is.—2. 
—(-2) =2 The opposite of —2 is 2. 
™ Example 3 Find the oppositenumber. A.6  B. —51 
Solution A. —6_ B. 51 
) Problem 3 Find the opposite number. A. —9 _ B. 62 
= Solution See page S1. 


The absolute value of a number is its distance from zero on the number line. 
Therefore, the absolute value of a number is a positive number or zero. The sym- 
bol for absolute value is two vertical bars, | |. 

| 


ttt 
—5 -4-3-2-1 0 1 23 4 5 


The distance from 0 to 3 is 3. Therefore, 
the absolute value of 3 is 3. 


3) = 3 
1-3 > 


Se ey le 
=5=4=3=2-1 0 1 2 3 45 


The distance from 0 to —3 is 3. Therefore, 
the absolute value of —3 is 3. 


=e 


Absolute Value 


a LLL LLL LEA 


The absolute value of a positive number is the number itself. The absolute 
value of zero is zero. The absolute value of a negative number is the oppo- 
site of the negative number. 


———————————— 
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Example 4 


Solution 


Problem 4 


Solution 


Evaluate. A. |—4| B. —|-10| 


A ish 
B. —|—10| = —10 > The absolute value sign does not affect the neg- 
ative sign in front of the absolute value sign. 
You can read —|—10| as “the opposite of the 


absolute value of negative 10.” 


Evaluaté. A; |-—5| ~—-B.. =|—9] 
See page Sl. 


STUDY TIPS 








CONCEPT REVIEW l1.1 


Determine whether the statement is always true, sometimes true, or never true. 


Seg aa ae 


ye emnanu 


— 
S 


The absolute value of a number is positive. 


The absolute value of a number is negative. 


If x is an integer, then |x| < —3. 


If x is an integer, then |x| > —2. 


The opposite of a number is a positive number. 


The set of positive integers is {0, 1, 2, 3, 4,...}. 


If a is an integer, then a < a. 


If a and b are integers and a > b, thena = b. 


If x is a negative integer, then |x| = —x. 


Suppose a and b are integers and a < b. Then |a! < |b]. 





EXERCISES 1.1 
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1. Y¥ How do the whole numbers differ from the natural numbers? 


2. ¥ Explain the difference between the symbols < and 


Place the correct symbol, < or >, between the two numbers. 


me 5) 4. —6 ml 

3 = So) =O 
—42 Je 125 =36 49 
27 OU 6s 51 aa) 


Use the roster method to write the set. 


19. the natural numbers less than 9 

21. the positive integers less than or equal to 8 

23. the negative integers greater than —7 

Solve. 

25. Given A = {—7,0, 2,5}, which elements of set A 
are greater than 2? 

27. Given D = {—23, —18, —8, 0}, which elements 
of set D are less than —8? 

29. Given E = {—35, —13, 21, 37}, which elements 
of set E are greater than —10? 

31. Given B = {—52, —46, 0, 39, 58}, which elements 
of set B are less than or equal to 0? 

33. Given C = {—23, —17, 0,4, 29}, which elements 
of set C are greater than or equal to —17? 

35. Given that set A is the positive integers less than 
10, which elements of set A are greater than or 
equal to 5? 

37. Given that set D is the negative integers greater 


than or equal to —10, which elements of set D 
are less than —4? 


20. 


ole 


24. 


26. 


28. 


30. 


32. 


34, 


36. 


38. 


= 
5a 6 1 6. =2 13 
oO =o 10. 8 0 
13. 21 —34 14. 53 —46 
Vi al | 101 18. 127 = t50 


the natural numbers less than or equal to 6 
the positive integers less than 4 


the negative integers greater than or equal to —5 


Given B = {—8, 0, 7, 15}, which elements of set B 
are greater than 7? 


Given C = {—33, —24, —10, 0}, which elements 
of set C are less than —10? 


Given F = {—27, —14, 14, 27}, which elements 
of set F are greater than —15? 


Given A = {—12, —9,0, 12, 34}, which elements 
of set A are greater than or equal to 0? 


Given D = {—31, —12, 0, 11, 45}, which elements 
of set D are less than or equal to —12? 


Given that set B is the positive integers less than 
or equal to 12, which elements of set B are 
greater than 6? 


Given that set C is the negative integers greater 
than —8, which elements of set C are less than or 
equal to —3? 


8 Chapter 1 / Real Numbers 


39, ¥ What is the additive inverse of a number? 


40. ¥ What is the absolute value of a number? 


Find the opposite number. 


41. 22 42. 45 431 3 44, —88 
45. —168 46. —97 47. 630 48. 450 
Evaluate. 
A975 —=(—18) 50. —(-—30) 51. —(49) 52, (67) 
53. |16| 54. |19| 55. |= 12! 562) |= 22) 
57.5 129) 58. —|20| 59. —|-14| 60. —|—18| 
61. —|0| 62. |—30| 63. —|34| 64. —|—45| 
Solve. 
65. GivenA = {—8, —5, —2,1, 3}, find 66. Given B = {-11, —7, —3,1, 5}, find 
a. the opposite of each element of set A. a. the opposite of each element of set B. 
b. the absolute value of each element of b. the absolute value of each element of 
set A. set B. 


Place the correct symbol, < or >, between the two numbers. 
67. |—83| [58| 68. |22| |-19| 69. |43| |—52| 70. _|—71| |—92| 


71.) = 68\e 421 Farts 7 3311) 73.. |—45| |=61) 74: \—28\s5 te/43| 


APPLYING CONCEPTS 1.1 


Write the given numbers in order from least to 
greatest. 


75. |—5|,6, —|—8|, —19 76. —4,|—15|, —|-7],0 


Tie eo) = 228 |= 25 | al 14) 78. —|—26|, -(—8), |—-17|, —(5) 


Section 1.1 / Introduction to Integers 


A meteorologist may report a wind-chill temperature. This is the equivalent tem- 
perature, including the effects of wind and temperature, that a person would feel 
in calm air conditions. The table that follows gives the wind-chill temperature for 
various wind speeds and temperatures. For instance, when the temperature is 5°F 
and the wind is blowing at 15 mph, the wind-chill temperature is —25°F. Use this 
table for Exercises 79 and 80. (Source: Information Please Almanac) 


Wind-Chill Factors 


























Wind 
Speed Thermometer Reading (in degrees Fahrenheit) 
(in mph) 

35 30 25 20 15 10 5 0 Ope 108 15 2025, —30 =35 —40 —45 
5 33) 27, 21 19 12 J 0 5 10 15 21 26 31 36 42 47 52 
10 22; 16 10 3 3 9 15 22 27 34 40 46 Be 58 4 ew Tn 
15 16 9 2 5 11 18 25 aL 38 45 51 Bo Ses I 
20 12 4 3 10 WW 24 31 39 46 53 60 Or =e tik ths SE LL 
25 8 1 i 15 22 29 36 44 51 bo 66 74 81 88 96 103 110 
30 Qo = =i 18 25 33 41 49 56 64 Te 79 86 93 101 109 116 
35 Ae es 2 20 27 35 43 52 58 67 74 82 89 97 105 113 120 
40 Soe 32 2 37 45 53 60 69 76 84092) 100 107 eels 
45 2 6 14 22 30 38 46 54 62 70 78 BOs. 9 102) 100 R117 2 





P 
79. € Meteorology Which of the following weather conditions feels colder? 


a. a temperature of 5°F with a 20 mph wind or a temperature of 10°F with a 
15 mph wind 

b. a temperature of —25°F with a 10 mph wind or a temperature of —15°F 
with a 20 mph wind 


Py 
80. ¢€ Meteorology Which of the following weather conditions feels warmer? 
a. a temperature of 25°F with a 25 mph wind or a temperature of 10°F with 
a 10 mph wind 


b. a temperature of —5°F with a 10 mph wind or a temperature of —15°F 
with a 5 mph wind 


Complete. 
81. On the number line, the two points that are four units from 0 are _____ and 
82. On the number line, the two points that are six units from 0 are ______ and 


83. On the number line, the two points that are seven units from 4 are 
and 











84. On the number line, the two points that are five units from —3 are 
and 





85. Ifaisa positive number, then —a is a _______ number. 
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86. If ais a negative number, then —a is a _______ number. 


87. An integer that is its own opposite is 
88. True or False. If a = 0, then |a| = a. 
89. True or False. If a < 0, then |a| = —a. 


90. Give examples of some games that use negative inte- 


gers in the scoring. 


91. VA Give some examples of English words that are 


used as variables. 


Oo”: y ¢ Write an essay describing your interpreta- 
— 


10.3 million 


Women 8.3 million 


tion of the data presented in the table at Total 18.6 million 


the right. 








SGE Gt-T al- Or-N 


1.2 
Operations with Integers 


Add integers Ly 


Anumber can be represented anywhere along the number line by an arrow. A pos- 
itive number is represented by an arrow pointing to the right, and a negative num- 
ber is represented by an arrow pointing to the left. The size of the number 
is represented by the length of the arrow. 


+5 —4 
a eo rc | 


=9)=8  =Te=6) 355-4 =3=2) =1 70 1 6 2018) 4D Oye 89 


Addition is the process of finding the total of two numbers. The numbers being 
added are called addends. The total is called the sum. Addition of integers can be 
shown on the number line. To add integers, find the point on the number line cor- 
responding to the first addend. At that point, draw an arrow representing the sec- 
ond addend. The sum is the number directly below the tip of the arrow. 





+2 
4+2=6 
-7 -6 -5 -4 -3 2-1 0 12 3 4 5 6 7 
eee 
—4 + (-2) = -6 
-7 -6 -5 -4 -3 2-1 0 12 3 4 5 6 7 
+2 
-4+2=-2 t+ +o 
—7 —6 —5 —4,-3.-2 -1 0) t 2 3 4 556 7 
=2 
4+ (-2)=2 


=f -=6 5. =4 S38—2h— 190 1 ee ee oer, 
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The pattern for addition shown on the preceding number lines is summarized in 
the following rules for adding integers. 


Addition of Integers 





Integers with the same sign 


To add two numbers with the same sign, add the 2 16 All) 
absolute values of the numbers. Then attach the =p 5) 
sign of the addends. 


Integers with different signs 

To add two numbers with different signs, find the 

absolute value of each number. Then subtract the =2 +4816 
smaller of these absolute values from the larger DE (anes 
one. Attach the sign of the number with the larger 
absolute value. 


™ Example 1 = Add. A=162 + (—247) B. —14 + (—47) 
C. -4 + (-6) + (-8) +9 


Solution A. 162 + (—247) = —85_ > The signs are different. Subtract the ab- 
solute values of the numbers 
(247 — 162). Attach the sign of the num- 
ber with the larger absolute value. 
B. —14 + (—47) = —61 > The signs are the same. Add the ab- 
solute values of the numbers (14 + 47). 
Attach the sign of the addends. 
C. —4 + (-6) + (-8) +9 >» To add more than two numbers, add the 
—10 + (-8) +9 first two numbers. Then add the sum to 
SIS AS the third number. Continue until all the 
_9 numbers have been added. 


SSIES SS SSSESS RSS ESSS 


SSS S SASS SS SISSIES 


I 


Problem 1 Add. 
(AD 1624298" Be 1540 (37) eee — 365 1721) 
~ Solution See page S1. 





Subtract integers 


Subtraction is the process of finding the difference between two numbers. Sub- 
traction of an integer is defined as addition of the opposite integer. 


Subtract 8 — 3 by using addition of the opposite. 


Subtraction > Addition of the Opposite 


t 
8 - (43) = 8 + (-3) = 5 


= 


Opposites 
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POINT OF INTEREST 


The cross X was first used 
as a symbol for multiplication 
in 1631 in a book titled The 
Key to Mathematics. Also in 
that year, another book, 
Practice of the Analytical Art 
advocated the use of a dot to 
indicate multiplication. 








To subtract one integer from another, add the opposite of the second integer to the 
first number. 


first second | _ | first 1 the opposite of 
number | | number | | number the second number 


40 = 60 = 40 + (—60) = -—20 
—40 = 60 = aA). see (—60) = —100 
—40 a (60 les = =A) pe aya 60 = 20 
40 = (Ee) = 40 + 60 = 100 
™ Example 2 Subtract: -12 — 8 
Solution —12 —8=-—12+(-—8) > Rewrite subtraction as addition of the 
opposite. 
a > Add. 


Problem 2 Subtract: -8 — 14 
Solution See page S1. 


When subtraction occurs several times in a problem, rewrite each subtraction as 
addition of the opposite. Then add. 


m Example 3 Subtract: —8 — 30 — (—12) — 7 — (—14) 


Solution —8 — 30 — (—12) — 7 — (-14) 
= —8 + (-30) + 12 + (—7) + 14 > Rewrite each subtraction 
as addition of the opposite. 


== 33 12 = (=7) +14 > Add the first two numbers. 

= —-26+ (-7)+14 Then add the sum to the 

30 4 1A third number. Continue 

iho until all the numbers have 
been added. 


Problem 3 Subtract: 4 — (—3) 2220 
= Solution See page S1. 


aa | a} 

Multiply integers (C3) fee 
Multiplication is the process of finding the product of two 

numbers. 

Several different symbols are used to indicate multiplica- aX 2 = 6 
tion. The numbers being multiplied are called factors; for li 6 
instance, 3 and 2 are factors in each of the examples at the (3)(2) =6 
right. The result is called the product. Note that when paren- 3(2) = 6 
theses are used and there is no arithmetic operation symbol, (3)2 =6 


the operation is multiplication. 


Section 1.2 / Operations with Integers 


When 5 is multiplied by a sequence of decreasing inte- 
gers, each product decreases by 5. 


The pattern developed can be continued so that 5 is mul- 
tiplied by a sequence of negative numbers. The resulting 
products must be negative in order to maintain the pat- 
tern of decreasing by 5. 
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(5)(3) = 15 
(5)(2) = 10 
(5)(1) = 5 
(5)(0) = 0 
Oe): 
(S)(=2) = 10 
(5)(-3) = -15 
(5)(—4) = —20 


This illustrates that the product of a positive number and a negative number is 


negative. 


When —5 is multiplied by a sequence of decreasing inte- 
gers, each product increases by 5. 


The pattern developed can be continued so that —5 is 
multiplied by a sequence of negative numbers. The re- 
sulting products must be positive in order to maintain the 
pattern of increasing by 5. 


(3) (Gels 
(—5)(2) = —10 
(Via eS 
(—5)) = 0 
(Sa) G8 
(—5)(—2) = 10 
(—5)(—3) = 15 
(—5)(—4) = 20 


This illustrates that the product of two negative numbers is positive. 


This pattern for multiplication is summarized in the following rules for multiply- 


ing integers. 


Multiplication of Integers 





Integers with the same sign 

To multiply two numbers with the same sign, multi- 
ply the absolute values of the numbers. The product 
is positive. 


Integers with different signs 

To multiply two numbers with different signs, multiply 
the absolute values of the numbers. The product is neg- 
ative. 





Example 4 Multiply. A. —42- 62 


Solution A. —42-: 62 


Problem 4 Multiply. A. —38-51 





Solution See page S1. 


By 2(—3)(S9)(-7) 


> The signs are different. The product is nega- 


Be 7(- 8) 9) 2) 


48 = 3) 
(G4) 8)iee2 
-4-8= -32 
Cte) oy! 


= —2604 tive. 

Bae? (3) (=) aa) > To multiply more than two numbers, multi- 
= —6(—5)(—7) ply the first two numbers. Then multiply 
= 30(-7) the product by the third number. Continue 
bie) until all the numbers have been multiplied. 
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8 
Divide integers cam) | 


For every division problem there is a related multiplication problem. 
Division: : =4 Related multiplication: 4 - 2 = 8 


This fact can be used to illustrate the rules for dividing signed numbers. 


iy 
The quotient of two numbers with the 3 = 4 because AnD ale 


same sign is positive. wf 
~ = 4 because 4(—3) = —12. 


12 
The quotient of two numbers with different a ee because —4(—3) = 12. 
signs is negative. = 
ai ree because —4-3 = —12. 


Division of Integers 

a 
Integers with the same sign 
To divide two numbers with the same sign, divide the absolute values of the 
numbers. The quotient is positive. 


Integers with different signs 
To divide two numbers with different signs, divide the absolute values of the 
numbers. The quotient is negative. 





ale We 
Notethat = =" 4, = a and -* = —A4, This suggests the following rule. 


If a and b are two integers, and b # 0, then = = = = aa 


Read b 0 as “b is not equal to 0.” The reason why the denominator must not be 
equal to 0 is explained in the following discussion of zero and one in division. 


Zero and One in Division 





Zero divided by any num- O-: ae 
ber other than zero is zero. a ee eae 
Division by zero is not - ee . x0=4 
defined. There is no number 
whose product with 
Zero is 4. 
Any number other than a 
_ & e — 
zero divided by itself is 1. a ae eee 
Any number divided by 1 is = =A because 4-1 = a. 


the number. 





Av 
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r Example 5 Divide. A. (-120)+(-8) B= c-= 
Solution A. (—120) + (-8) = 15 

B. = = -19 

z 

C. = = =(-27) = 27 


_ Problem Divide. A. (-135)+(-9) BSc. -3 


= Solution See page S1. 


emcee 
L 


EH Application problems (cy 


In many courses, your course grade depends on the average of all your test scores. 
You compute the average by calculating the sum of all your test scores and then 
dividing that result by the number of tests. Statisticians call this average an arith- 
metic mean. Besides its application to finding the average of your test scores, the 
arithmetic mean is used in many other situations. 


Stock market analysts calculate the moving average of a stock. This is the arith- 
metic mean of the changes in the value of a stock for a given number of days. To 
illustrate the procedure, we will calculate the 5-day moving average of a stock. In 
actual practice, a stock market analyst may use 15 days, 30 days, or some other 
number. 


The table below shows the amount of increase or decrease, in cents, in the closing 
price of a stock for a 10-day period. 
Day 1 Day 2 Day 3 Day 4 Day5  Day6 Day7 Day8 Day9 Day 10 
+50 -=k75 a 220 0 27> =D aU +50 —475 =30) 


To calculate the 5-day moving average of this stock, determine the average of the 
stock for days 1 through 5, days 2 through 6, days 3 through 7, and so on. 


Days 1-5 Days 2-6 Days 3-7 Days 4-8 Days 5-9 Days 6-10 

+50 SI) +225 0 —275 =): 

75 +225 0 =P) = If5) —50 

+225 0 —275 5) =50 +50 

0 —275 —75 —50 +50 A/S) 

75 = —50 +50 —475 —50 

Sum = —175 Sum = —300 Sum = —175 Sum = —350 Sum = —825 Sum = —600 

—175 —300 175 —350 —825 —600 
ee =——=- =—=- =——=- =—— = -165 = —— = -120 
arc 35 Av 5 60 Av 5 35 Av 5 70 Av 5 Av 5 


The 5-day moving average is the list of means: —35, —60, —35, —70, —165, and 
—120. If the numbers in the list tend to increase, the price of the stock is showing 
an upward trend; if they decrease, the price of the stock is showing a downward 
trend. For the stock shown here, the price of the stock is showing a downward 
trend. These trends help analysts determine whether to recommend a stock. 
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Example 6 The daily low temperatures, in degrees Celsius, during one week 
were recorded as follows: —8°, 2°, 0°, —7°, 1°, 6°, —1°. Find the 
average daily low temperature for the week. 


Strategy To find the average daily low temperature: 
m Add the seven temperature readings. 
m Divide the sum by 7. 


Solution -—8+2+0+(-7)+1+6+4 (-1) 
= 6 + Obi 7) cilSrera(—1) 
=—=6 (7) + PO) 
= —iBenaly 36 +(e) 


se 1 eG al) 
= —6 717-1) 

= —7 

i 


The average daily low temperature was —1°C. 


Problem 6_ The daily high temperatures, in degrees Celsius, during one 
week were recorded as follows: —5°, —6°, 3°, 0°, —4°, —7°, —2°. 
Find the average daily high temperature for the week. 


Solution See page S1. 


STUDY TIPS 








CONCEPT REVIEW 1.2 

Determine whether the statement is always true, sometimes true, or never true. 
1. The sum of two integers is larger than either of the integers being added. 
2. The sum of two nonzero integers with the same sign is positive. 


3. The quotient of two integers with different signs is negative. 
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4. To find the opposite of a number, multiply the number by —1. 
5. To find the opposite of an integer, divide the integer by —1. 

6. To perform the subtraction a — b, add the opposite of a to b. 
7 Al 6) =—-—4 

8. Ifx and y are two integers and y = 0, then | =aaU: 

9. Ifx and y are two different integers, then x — y= y — x. 


10. If xis an integer and 4x = 0, then x = 0. 


EXERCISES 1.2 


1. Y Explain how to add two integers with the same sign. 


2. ¥ Explain how to add two integers with different signs. 


Add. 
3. —3 + (-8) Abe 126s (21) 5. —4+(-5) 6. —12 + (—12) 
7. 6HE9) 8. 4+ (-9) 9. -6+7 10. —12+6 

11. 2+ (-3) + (-4) 12. 7+ (-2) +(-8) 13. —3 +12) + © 15) 

14. 9 + (—6) + (—16) 15. —17+4 (-3) + 29 16. 13 + 62 + (—38) 

17. —3 + (—8) + 12 18. —27 + (—42) + (-18) 

19. 13 + (—22) + 4+ (5) 204 147+ (—3) fat —0) 

21. —22+10+2 + (—18) 22. -6 + (—8) + 13 + (-4) 

23. —126 + (—247) + (—358) + 339 24. —651 + (—239) + 524 + 487 


25: ¥ Explain the meaning of the words minus and negative. 


26. Y Explain how to rewrite 6 — (—9) as addition of the opposite. 


Subtract. 
DT Oko: 28n) 12-=3 29: 7-14 
B80. (72— (2) 31. 3 —- (-4) 32. —6 — (-3) 


33. —4—1G2) 34, .6— (—12) 35, joj 16 
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36.. —-4=3-—2 

39 a2 (=O) a5) 
426 t+ 19 (— 39) 
45, —16 —'47 = 63 = 12 


a7.) 4/7 —(=67) — 13 — 15 


37. LA Ste 38. 
40. 40= 12h=1( S38) 41. 
43. “ss0i=i($65) 4291-4 44, 


ID 8 
TBGt7 Sail 


42 SA( 8265 1— 7 


46, “42°— (—30) ="65:—_"(— 11) 


48. —18 — 49 — (—84) = 27 


49. ¥ Explain how to multiply two integers with the same sign. 


50. ¥ Explain how to multiply two integers with different signs. 


Multiply. 

51. 14-3 

54. 4(—7) 

57. (—5)(—5) 
60. —32-4 

63. 6(—17) 

66. —5(23) 

69. 9)(—9)(2) 
72. (—6)(5)(7) 
75. 4(—4) - 6(—2) 


78. 8(8)(—5)(—4) 


EZ Divide. 
81. 12 + (-6) 
84. (—64) + (-8) 
S76 45 = \(=5) 
90. * =5ore47 
93. #72 -4G-0) 


96. 144-9 


Bl 6239 53. 
5b» -=8(2) 56. 
58. (=3)(6) 59. 
61. —24"°3 62. 
64. —8(—26) 65. 
G7. ao aed) 68. 
70. —8(—7)(—4) 715 
73. —1(4)(—9) 74. 
76. —5~+9(—7)-3 77. 
79: O(—5)(12)(0) 80. 
$2. 18-2..(53) 83. 
85. nO ae) 86. 
88... —24 + 4 89. 
91589) a2 
94. 44 = (—4) 95. 
97273 — 6) 98. 


5(—4) 
—9(3) 
(—7)(0) 
19(—7) 
—4(—35) 
8(—6)(—1) 
—5(8)(—3) 
6(—3)(—2) 
—9(4) - 3(1) 


ZO) OC) 


(S72 )reie9) 
FAD 3.0 
—36 +4 
—40 + (-5) 
= 60 35 


84 + (—7) 


99. S72 4 1007 38075 

102. —128 +4 103-5, =130)=.(>5) 

LOS eel OD (2) 106. —156 + (—13) 

108. —144 + 12 109. 143 + 11 

111. Temperature Find the temperature after a rise of 9°C from —6°C. 

112. Temperature Find the temperature after a rise of 7°C from —18°C. 

113. Temperature The high temperature for the day was 10°C. The low tem- 
perature was —4°C. Find the difference between the high and low tempera- 
tures for the day. 

114. Temperature The low temperature for the day was —2°C. The high tem- 
perature was 11°C. Find the difference between the high and low tempera- 
tures for the day. 

115. Chemistry The temperature at which mercury boils is 360°C. Mercury 
freezes at —39°C. Find the difference between the temperature at which 
mercury boils and the temperature at which it freezes. 

116. Chemistry The temperature at which radon boils is —62°C. Radon freezes 
at —71°C. Find the difference between the temperature at which radon boils 
and the temperature at which it freezes. 

The elevation, or height, of places on Earth is measured in relation to sea level, or 

the average level of the ocean’s surface. The following table shows height above 

sea level as a positive number and depth below sea level as a negative number. 

(Source: Information Please Almanac) 

Highest Elevation Lowest Elevation 
Continent (in meters) (in meters) 
Africa Mt. Kilimanjaro 5895 Qattara Depression = 133, 
Asia Mt. Everest 8848 Dead Sea —400 
Europe Mt. Elbrus 5634 Caspian Sea =26 
North America Mt. McKinley 6194 Death Valley —86 
South America Mt. Aconcagua 6960 Salinas Grandes —40 


117. 


118. 


119. 


120. 


121. 
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» Geography Use the table to find the difference in elevation between 
» Mt. Elbrus and the Caspian Sea. 


(P Geography Use the table to find the difference in elevation between 
» Mt. Aconcagua and Salinas Grandes. 





@ Geography Use the table to find the difference in elevation between 
» Mt. Kilimanjaro and the Qattara Depression. 


~ Geography Use the table to find the difference in elevation between 
» Mt. McKinley and Death Valley. 


@ Geography Use the table to find the difference in elevation between 
» Mt. Everest and the Dead Sea. 


101. 
104. 
107. 


110. 


—114 + (-6) 
(—280) + 8 
—182.4,14 
168 + 14 


19 


20 


22: 


123. 


124. 


125. 


The bar graph at the right shows the net income or loss 
for US Airways for the years 1992 to 1997. Use this graph 
for Exercises 126 to 129. 


126. 


127. 


128. 


129: 


130. 


131. 


132. 
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Temperature The daily low temperatures, in degrees Celsius, during one 
week were recorded as follows: 4°, —5°, 8°, 0°, —9°, —11°, —8°. Find the aver- 
age daily low temperature for the week. 


Temperature The daily high temperatures, in degrees Celsius, during one 
week were recorded as follows: —8°, —9°, 6°, 7°, —2°, —14°, —1°. Find the 
average daily high temperature for the week. 


¢ Temperature On January 22, 1943, the temperature at Spearfish, 
~ South Dakota, rose from —4°F to 45°F in two minutes. How many 
degrees did the temperature rise during those two minutes? 


¢ Temperature Ina 24-hour period in January of 1916, the temperature 
> in Browning, Montana, dropped from 44°F to —56°F. How many 
degrees did the temperature drop during that time? 


1500 
1000 


¢ Business What was the total net income or =A 


loss for the years shown in the graph? 


¢ Business What was the difference between 
~ the net income or loss in 1993 and that in 1994? 

-500 
¢ Business What was the difference between 


the net income or loss in 1995 and that in 1994? ~1000 


Net Income or Loss (in millions of dollars) 
o 


¢ Business For what two years shown in the ~1500 





I) 1992 
BB 1993 
BB 1994 
[9 1995 
Bl 1996 
BB 1997 


graph is the difference between the net US Airways' Net Income (Loss) in Millions of Dollars 


income or loss greatest? What is that difference? Sources: Transportation Department; US Airways. 


Education ‘To discourage random guessing on a multiple-choice exam, a 
professor assigns 5 points for a correct answer, —2 points for an incorrect 
answer, and 0 points for leaving the question blank. What is the score for a 
student who had 20 correct answers, had 13 incorrect answers, and left 7 
questions blank? 


Education ‘To discourage random guessing on a multiple-choice exam, a 
professor assigns 7 points for a correct answer, —3 points for an incorrect 
answer, and —1 point for leaving the question blank. What is the score for 
a student who had 17 correct answers, had 8 incorrect answers, and left 2 
questions blank? 


P The Stock Market The value of a share of McDonald’s stock on June 

» 12,1998, was $64.25. The table below shows the amount of increase or 
decrease, to the nearest 10 cents, from the June 12 closing price of the stock 
for a 10-day period. Calculate the 5-day moving average for this stock. 


Day1 Day2 Day3 Day4 Day5 Day6 Day7 ODay 8 


+40 =) +40 +130 +240 +20) =10 elt 


Day 10 
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133. ¢ The Stock Market The value of a share of Disney stock on June 12, 
1998, was $116.1875. The table below shows the amount of increase or 
decrease, to the nearest 10 cents, from the June 12 closing price of the stock 

for a 10-day period. Calculate the 5-day moving average for this stock. 


Day 1 Day2 Day3 Day4 Day5 Day6 Day7 Day 8& Day9 _ Day 10 
= 110 aU. +70 +140 +230) —440 +120 +100 +290 =) 


APPLYING CONCEPTS 1.2 


Simplify. 
1340 e710 135a od) 
13600) 135. (--2)| 137m Leia | 


Assuming the pattern is continued, find the next three numbers in the pattern. 


1382) 77-1, —10,— 19,0: 1392 5641h 6. | 
NAO ee 4 8 56, a: 141. 1024, —256, 64,... 
Solve. 


142. 32,844 is divisible by 3. By rearranging the digits, find the largest possible 
number that is still divisible by 3. 


143. 4563 is not divisible by 4. By rearranging the digits, find the largest possible 
number that is divisible by 4. 


144. How many three-digit numbers of the form 8__4 are divisible by 3? 


In each exercise, determine which statement is false. 

145. a. (3 + 4| =(|3| + [4 b. [3 — 4| = [3] — [4 c. |4 + 3] = |4| + [3 d. |4 — 3] = |4| — [3 | 
146. a. [5 + 2| = [5] + (2 b. [5 — 2| = [5| — [2 c. |2 + 5| = |2| + [5 d. |2 — 5| = [2| - [5] 
Determine which statement is true for all real numbers. 

147, a. |x + y| = |x| + ll b. |x + y| = |x| + yl c. |x + yl = |x| + II 

48. a. |x|-Wiisixl-Wl be kel -Wil=bl-bwl « Iel- wl = bl I 


149. Is the difference between two integers always smaller than either one of the 
numbers in the difference? If not, give an example for which the difference 
between two integers is greater than either integer. 


150. If —4x equals a positive integer, is x a positive or a negative integer? 
Explain your answer. 


151. ¥ Explain why division by zero is not allowed. 
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S Ew Giiebv@iN 


POINT OF INTEREST 


As early as A.D. 630 the Hindu 
mathematician Brahmagupta 
wrote a fraction as one 
number over another 
separated by a space. The 
Arab mathematician al 
Hassar (around A.D. 1050) was 
the first to show a fraction 
with the horizontal bar 
separating the numerator and 
denominator. 


LOOK CLOSELY 
The fraction bar can be read 
“divided by.” 

5 = 208; 

:7 ho = 8 


LOOK CLOSELY 


Dividing the numerator by the 
denominator results ina 
remainder of 0. The decimal 
0.625 is a terminating 
decimal. 


1.3 
Rational Numbers 


Write rational numbers as decimals 


A rational number is the quotient of two 
integers. Therefore, a rational number is 
a number that can be written in the form 
a 
b’ 
zero. A rational number written in this 
way is commonly called a fraction. 


where a and b are integers, and b is not 


Because an integer can be written as the 
quotient of the integer and 1, every inte- 
ger is a rational number. 


A number written in decimal notation is 
also a rational number. 


aq < an integer 
b <— anonzero integer 


2 ¢ Sarees at Rate 


3’ 9 -=5” — 7 (mambers 


three-tenths 0.3 = = 


thirty-five hundredths 0.35 = a 
negative four-tenths —0.4 = = 


A rational number written as a fraction can be written in decimal notation. 


r Example 1 Write 2 as a decimal. 


8)5.000 


—48 


20 
10 


40 
—40 


2 
| Solution 
H 
: 
i 


oe 
aul 0.625 
Problem1 Write = as a decimal. 
Solution See page S1. 


0.625 < This is called a terminating decimal. 


QO < The remainder is zero. 


LOOK CLOSELY 


No matter how far we carry 


out the division, the re- 


mainder is never zero. The 
decimal 0.36 is a repeating 


decimal. 
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[ Example 2 Write ~ as a decimal. 


i 





Solution 0.3636... <— This is called a repeating decimal. 
11)4.0000 
=o.9 
70 
: 766 
: 40 
4 =o 
70 
—66 
4 < The remainder is never zero. 
4 =~ < The bar over the digits 3 and 6 is used to show that 
nn 0.36 these digits repeat. 


_ Problem 2 _ Write ; as a decimal. Place a bar over the repeating digits of the 
decimal. 


Solution See page S1. 


; é ‘ 6 8 
Rational numbers can be written as fractions, such as = Oe, where the numer- 


ator and denominator are integers. But every rational number also can be written 
as a repeating decimal (such as 0.25767676...) or a terminating decimal (such as 
1.73). This was illustrated in Examples 1 and 2. 


Some numbers cannot be written either as a repeating decimal or as a terminat- 
ing decimal. These numbers are called irrational numbers. For example, 
2.45445444544445... is an irrational number. Two other examples are V2 and 7. 


MD = AI4213562,,., a= SA 6o4e 


The three dots mean that the digits continue on and on without ever repeating or 
terminating. Although we cannot write a decimal that is exactly equal to V2 or to 
7, we can give approximations of these numbers. The symbol ~ is read “is 
approximately equal to.” Shown below is V2 rounded to the nearest thousandth 
and 7 rounded to the nearest hundredth. 


V2=1414 w=3.14 


The rational numbers and the irrational numbers taken together are called the real 
numbers. 


ae (CC! 
(3) fe 


Convert among percents, fractions, and 
decimals 


“A population growth rate of 3%,” “a manufacturer’s discount of 25%,” and 
“an 8% increase in pay” are typical examples of the many ways in which percent 
is used in applied problems. Percent means “parts of 100.” Thus 27% means 
27 parts of 100. 
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In applied problems involving a percent, it is usually necessary either to rewrite the 
percent as a fraction or a decimal, or to rewrite a fraction or a decimal as a percent. 


To write 27% as a fraction, remove 
the percent sign and multiply by 


“ 
100° 


—) Zi 


27% = 27(— == 


To write a percent as a decimal, remove the percent sign and multiply by 0.01. 
33(0.01) = 


To write 33% as a decimal, remove 
the percent sign and multiply by 


0.01. 


33% = 033; 


Move the decimal point two places 
to the left. Then remove the percent 


sign. 





© Write 100% as a decimal. 


Example 3 


Solution 


Problem 3 


Solution 


Example 4 


Solution 


Problem 4 


Solution 


Example 5 


Solution 


Problem 5 


Solution 


100% = 100(0.01) = 1 « 


Write 130% as a fraction and as a decimal. 


ep aoa 


eee > To write a percent as a fraction, 
100 100 10 


130% = 130 
; | remove the percent sign and mul- 
: il 

tiply by 700° 


130% = 130(0.01) = 1.30 


> To write a percent as a decimal, 
remove the percent sign and mul- 
tiply by 0.01. 


Write 125% as a fraction and as a decimal. 


See page S1. 


Write 33% as a fraction. 


335% = 333(7-) = (1) 


> Write the mixed number 333 as 
3 \100 3 \100 


the improper fraction > 


WlR 


Write 165% as a fraction. 


See page S1. 


Write 0.25% as a decimal. 
0.25% = 0.25(0.01) = 0.0025 


> Remove the percent sign and mul- 
tiply by 0.01. 


Write 6.08% as a decimal. 


See page S1. 
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A fraction or decimal can be written as a percent by multiplying by 100%. Recall 


that 100% = 1, and multiplying a number by 1 does not change the number. 


To write : as a percent, mul- : = > (100%) = 


tiply by 100%. 


500 


—— re} 1 
ae % = 62.5% or 625 %o 


To write 0.82 as a percent, 0.82 = 0.82(100%) = 82% 


multiply by 100%. 
Move the decimal point two places to the 
right. Then write the percent sign. 








Example 6 Writeasapercent. A. 0.027 B. 1.34 
Solution A. 0.027 = 0.027(100%) = 2.7% » To write a decimal as a per- 
cent, multiply by 100%. 
B. 1.34 = 1.34(100%) = 134% 
Problem 6 Write asapercent. A.0.043  B. 2.57 
Solution See page S1. 
Example 7 Write ; as a percent. Round to the nearest tenth of a percent. 
: Dao 500 ; : 
Solution ats (100%) = Ee % = 83.3% > To write a fraction as a percent, 
multiply by 100%. 
Problem 7 Write 2 as a percent. Round to the nearest tenth of a percent. 
Solution See page S1. 
Example 8 Write = as a percent. Write the remainder in fractional form. 
Solution — = (100%) = 222% = 432% > Multiply the fraction by 100%. 
16 =616 16 4 
Problem 8 Write x as a percent. Write the remainder in fractional form. 
Solution See page Si. 
| ¢$—_—_-——-_| [| al 
Add and subtract rational numbers (C3) fee 


To add or subtract fractions, first rewrite each fraction as an equivalent fraction 
with a common denominator, using the least common multiple (LCM) of the 
denominators as the common denominator. Then add the numerators, and place 
the sum over the common denominator. Write the answer in simplest form. 


The sign rules for adding integers apply to addition of rational numbers. 
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Sine S 
i Example 9 Add: paricne 


B 





Solution Prime factorization of 6and > Find the LCM of the denominators 
10: 6 and 10. The LCM of denomina- 
tors is sometimes called the least 
; 6=2:-3 10 =2:-5 
common denominator (LCD). 
LCM =2:-3-5=30 
BB 3 250 eo. > Rewrite the fractions as equivalent 
6. 105 030 30. fractions, using the LCM of the 
I denominators as the common 
denominator. 

25 9. > Add the numerators, and place the 
; ae 3() sum over the common denominator. 

ze 6 

30 
i 
= -= > Write the answer in simplest form. 
i 5 11 
Problem 9 Subtract: aa 
= Solution See page S1. 
3 : 3 1 5 
™ Example 10 Simplify: aS Wg 
: SA Seen lO eee 15 
Solution 7 J ac n + 54 — 54 ‘The LCM of 4, 6, and 8 is 24. 


—18 4 = 5 


= p54 te 
—18 + 4 + (-15) 


| 24 
) aes 
“e524 

! __» 

' we 

# 

ape § TAGS Cy 

| Problem 10 Simplify: Pas 


bee Solution See page S2. 


To add or subtract decimals, write the numbers so that the decimal points are ina 
vertical line. Then proceed as in the addition or subtraction of integers. Write the 
decimal point in the answer directly below the decimal points in the problem. 


m Example 11 Add: 14.02 + 137.6 + 9.852 


| Solution 14.02 > Write the decimals so that the decimal points are in a 
: 137.6 vertical line. 
+ 9.852 


161.472 > Write the decimal point in the sum directly below the 
decimal points in the problem. 


Problem 11 Add: 3.097 + 4.9 + 3.09 


re SSS SSS 


Solution See page $2. 
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Example 12 Add: —114.039 + 84.76 


Solution 114.039 > The signs are different. Subtract the absolute 
— 84.76 value of the number with the smaller absolute 
29.279 value from the absolute value of the number 


with the larger absolute value. 
—114.039 + 84.76 
ES) > Attach the sign of the number with the larger 
absolute value. 


Problem 12 Subtract: 16.127 — 67.91 





jess Solution See page S2. 


Pe 6! 


Multiply and divide rational numbers (C3) 


The sign rules for multiplying and dividing integers apply to multiplication and 
division of rational numbers. The product of two fractions is the product of the 
numerators divided by the product of the denominators. 


: uel! 
Example 13 Multiply: ar 
F ii 12 > Multiply the numerators. Multiply the de- 
Solution 2. 2 = 2:2 ae PY 
Ome one, nominators. 
cat 
_ 3:2Z-2-3  » Write the prime factorization of each factor. 
Dee and Divide by the common factors. 
‘le 


9 > Multiply the numbers remaining in the 
34 numerator. Multiply the numbers remain- 
ing in the denominator. 





Problem 13 Multiply: -— - — 


f 
i 
i 
5 
a 
ti 


To divide fractions, invert the divisor. Then proceed as in the multiplication of 
fractions. 


Solution See page S2. 


rm Example 14 Divide: 2 = (-2) 








; Oe = TF (2 k 2 > The signs are different. The quo- 
Solution 100) MIG ee 10, 55 tient is negative. 
At -( <a =) > Change division to multiplica- 
een, OlenLs tion. Invert the divisor. 
oe = O25 > Multiply the numerators. Multi- 
~ \10 - 18 ply the denominators. 
ined 
i he VG Spain 
- (; -B2-3B- 5) 
1 1 


plo 


i 
i 
it 
4 
t 
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Problem 14 Divide: ; -( 4 





Solution See page S82. 


To multiply decimals, multiply as in the multiplication of whole numbers. Write 
the decimal point in the product so that the number of decimal places in the prod- 
uct equals the sum of the decimal places in the factors. 


Example 15 Multiply: (—6.89)(0.00035) 


Solution 6.89 2decimal places >» Multiply the absolute values. 
x 0.00035 5 decimal places 
3445 
2067 


0.0024115 7 decimal places 
(—6.89)(0.00035) = —0.0024115 »The signs are different. The 


product is negative. 
Problem 15 Multiply: (—5.44)(3.8) 
Solution See page S2. 


To divide decimals, move the decimal point in the divisor to make it a whole num- 
ber. Move the decimal point in the dividend the same number of places to the 
right. Place the decimal point in the quotient directly over the decimal point in the 
dividend. Then divide as in the division of whole numbers. 


Example 16 Divide: 1.32 + 0.27. Round to the nearest tenth. 


Solution 0.27.)1.32. > Move the decimal point two places to the right 
pas in the divisor and in the dividend. Place the 
decimal point in the quotient. 


4.88 ~ 4.9 >» The symbol ~ is used to indicate that the quo- 


27.)132.00 tient is an approximate value that has been 
—108 rounded off. 


240 
=216 


240 
=e 6 


24 


Problem 16 Divide —0.394 + 1.7. Round to the nearest hundredth. 





Solution See page S2. 
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STUDY TIPS 


USE THE TEXTBOOK TO LEARN THE MATERIAL ~ 


For each objective studied, read very carefully all of the material from 
the objective statement to the examples provided for that objective. As 
you read, note carefully the formulas and words printed in boldface 
type. It is important for you to know these formulas and the definitions 
of these words. 

You will note that each example is paired with a problem. The 
example is worked out for you; the problem is left for you to do. After 
studying the example, do the problem. Immediately look up the answer 
to this problem in the Solutions section at the back of the text. The page 
number on which the solution appears is printed on the solution line 
below the problem statement. If your answer is correct, continue. If 
your answer is incorrect, check your solution against the one given in 
the Solutions section. It may be helpful to review the worked-out 
example also. Determine where you made your mistakes. 

Next, do the problems in the exercise set that correspond to the 
objective just studied. The answers to all the odd-numbered exercises 
appear in the Answers section in the back of the book. Check your 
answers to the exercises against these. 

If you have difficulty solving problems in the exercise set, review the 
material in the text. Many examples are solved within the text material. 
Review the solutions to these problems. Reread the examples provided 
for the objective. If, after checking these sources and trying to find your 
mistakes, you are still unable to solve a problem correctly, make a note 
of the exercise number so that you can ask someone for help with that 
problem. a 








CONCEPT REVIEW 1.3 


Determine whether the statement is always true, sometimes true, or never true. 


i 


Sd ed be ad 


oe ND 


To multiply two fractions, you must first rewrite the fractions as equivalent 
fractions with a common denominator. 


The number B is an example of a rational number. 

A rational number can be written as a terminating decimal. 

The number 2.585585558 . . . is an example of a repeating decimal. 
An irrational number is a real number. 

37%, 0.37, and = are three numbers that have the same value. 

To write a decimal as a percent, multiply the decimal by ana 


a G Gata G 
If a, b,c, and d are natural numbers, then , foe ee 
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9. —12is an example of a number that is both an integer and a rational number. 


10. : is an example of a number that is both a rational number and an irrational 


number. 


EXERCISES 1.3 


BY Write as a decimal. Place a bar over the repeating digits of a repeating decimal. 


1. + 2, + 3. + 4, = 
6. = 7. 2 8. 3 9. 2 
u. = 12, 5 13, 2 4, > 
16. 5 17. “s 18. a 19. = 
2. & 22. = 23. = 24, = 
26. = 27. 5 28. = 29. s 
31. = 32. = 


33. Y a. Explain how to convert a fraction to a percent. 
b. Explain how to convert a percent to a fraction. 

c. Explain how to convert a decimal to a percent. 

d. Explain how to convert a percent to a decimal. 


34. y Explain why multiplying a number by 100% does not change the value 
of the number. 


Write as a fraction and as a decimal. 


35. 75% 36. 40% 37. 50% 
39. 64% 40. 88% 41. 175% 
43. 19% 44. 87% 45. 5% 
47. 450% 48. 380% 49. 8% 


Write as a fraction. 


1 
51. 115% 52, 375% 53. 315% 


1 3 i 
55. 5 0 56. 5 4 % 57: 67 Yo 


38. 


42. 


46. 


50. 


54. 


58. 


10. 


15. 


ey DIN COIN OlN 


20. i 


15 
25. 7D 


25 
30. 33 


10% 


160% 


2% 


4% 


665 % 


835 % 


Write as a decimal. 


59. 7.3% 60. 9.1% 61. 

63. 9.15% 64. 121.2% 65. 
Write as a percent. 

67. 0.15 68. 0.37 69. 

He OA75 To O25 73. 

75. 0.008 76. 0.004 77. 


Write as a percent. Round to the nearest tenth of a percent. 


1D: 


83. 


27 


50 
4 


9 


80. 


84. 


83 


100 
9 


20 


81. 


85. 


Write as a percent. Write the remainder in fractional form. 


87. 


91. 


3 


8 


il 
G 


Simplify. 


99. 


103. 


107. 


111. 


115. 


119. 


23 


125. 


127. 


= 13.092 36.9 


—3.87 + 8.546 


200 67204 


=18.390- 49 — 23.7 


Vf. 


88. 2 

92. 22 

9. 5+ 
100. -2-2 
104. 5+2-5 
108. 5-=-| 
m2. 2+5-5 
116, (oore 
120. 2.54 — 3.6 


Ale 


| 
4 


89. 


93. 


O7e 


101. 


105. 


109. 


113. 


117. 


121. 


124. 


126. 


128. 
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15.8% 


18.23% 


0.05 


de15 


0.065 


WOlrR 


co1u 
| 
ain 


| 
al 
me 
AlN 


ol BIW NIP 
| 
pon 
N 
Bl Die 


+ 


ad 
| 
WlR OOIN 


943+ 7.925 


6:9027 17.692 


VGA S09" 793 


AO (O72 0182175 


62. 


66. 


70. 


74. 


78. 


82. 


86. 


90. 


94. 


98. 


102. 


106. 


110. 


114. 


118. 


122. 


0.3% 


0.15% 


0.02 


2.142 


0.083 


5.13 — 6.179 


= 16.92)-76.925 
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129. —3.07 — (—2.97) — 17.4 130. —3.09 — 4.6 — 27.3 
131. 317.09 — 46.902 + 583.0714 132. 71.0235 — 86.0974 + 254.309 
4 simplify. 
103. 4-3) 14, -2(-2) 135. (3-4) 
eae 17. (3-9 138. (3)(-S)(-) 
139. +5 140. 2 + (3) m1. -2+2 
142. = +(-3) 143. —> + (-3) 144, —< +2 
145. (1.2)(3.47) 146. (—0.8)(6.2) 147. (—1.89)(—2.3) 
148. (6.9) (—4.2) 149. (1.06)(—3.8) 150. (—2.7)(—3.5) 
1St, G:.2)(=05) C7) 152. (—2.4)(6.1) (0.9) 153. (=0.8)6:006)(—=5.)) 
Simplify. Round to the nearest hundredth. 
154. —24.7 + 0.09 155. —1.27 + (-1.7) 156. 9.07 + (—3.5) 
157. —354.2086 = 0.1719 158. —2658.3109 + (—0.0473) 159. (—3.92) + (—45.008) 


APPLYING CONCEPTS 1.3 


Classify each of the following numbers as a natural number, an integer, a positive 
integer, a negative integer, a rational number, an irrational number, and a real 
number. List all that apply. 


160. —1 161. 28 
ice 163. —7.707 
Bey : 
164. 5.26 165. 0.171771777... 
Solve. 


166. Find the average of : and -. 


167. The Postal Service Postage for first-class mail is $.33 for the first ounce or 
fraction of an ounce and $.22 for each additional ounce or fraction of an ounce. 


Find the cost of mailing, by first-class mail, a letter that weighs 4> OZ. 


The graph at the right shows the net earnings or loss for 
Chrysler Corporation for the years 1993 to 1997. Use this graph 
for Exercises 168 and 169. 


168. 


169. 


170. 


a7. 


A 2 


173. 


174. 


175; 


176. 


a7. 


178. 


72. 


180. 
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3.713 3.029 





™ 1993 


¢ Business What is the average annual net earn- 
~ ings or loss for the years shown in the graph? 
ee 
-3-2.551 


Net Earnings or Loss 
(in billions of dollars) 





¢ Business For what two years shown in the 
' graph is the difference between the net earnings 


or loss greatest? What is that difference? Cae corporabion's Neu Earnings 07 Los: 


Source: Chrysler Corporation financial statements. 
17 45 
ee 99’ 99’ 
Make a conjecture as to the decimal representation of 50° Does your conjec- 


Use a calculator to determine the decimal representations of and ~ 


ture work for = What about =? 


If the same positive integer is added to both the numerator and the denom- 
inator of = is the new fraction less than, equal to, or greater than =? 


A magic square is one in which the numbers in every row, column, and 
diagonal sum to the same number. Complete the magic square at the right. 


Let x represent the price of a car. If the sales tax is 6% of the price, express 
the total of the price of the car and the sales tax in terms of x. 


Let x represent the price of a suit. If the suit is on sale at a discount rate of 
30%, express the price of the suit after the discount in terms of x. 





The price of a pen was 60¢. During a storewide sale, the price was reduced 
to a different whole number of cents, and the entire stock was sold for 
$54.59. Find the price of the pen during the sale. 

1 


: + *is a natural number. 


1 
Find three natural numbers a, b, and c such that = ~ 


If a and b are rational numbers and a < J, is it always possible to find a ra- 
tional number c such that a < c < b? If not, explain why. If so, show how to 


find one. 


In your own words, define a. a rational number, b. an irrational num- 
ber, and c. a real number. 


Explain why you “invert and multiply” when dividing a fraction by a 
fraction. 


Explain why you need a common denominator when adding two frac- 
Y tions and why you don’t need a common denominator when multiply- 


ing two fractions. 
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181. Y ¢ Write an essay describing your interpretation of the data presented 
~ in the chart shown below. 





The Chilled Juice Market 
in July 1998 


Source: Paine Webber, Inc. 





SECO T- 1-0: N_ L.4 


POINT OF INTEREST 


René Descartes (1596-1650) 
was the first mathematician 
to use exponential notation 
extensively as it is used 
today. However, for some 
unknown reason, he always 
used xx for x?. 


Exponents and the Order of 
Operations Agreement 


| = 
Exponential expressions (C )) 
Repeated multiplication of the same factor can be written using an exponent. 
2-2-2-2-2 = 25< exponent a-a-a-:a=a'ie&xponent 
t___ base t____ base 


The exponent indicates how many times the factor, called the base, occurs in the 
multiplication. The multiplication 2-2-+2-2-2 is in factored form. The expo- 
nential expression 2° is in exponential form. 


2' is read “the first power of two” or just “two.” —————> Usually the exponent 1 
2° is read “the second power of two” or “two squared.” PEO ae 
2° is read “the third power of two” or “two cubed.” 

2* is read “the fourth power of two.” 

2° is read “the fifth power of two.” 


a is read “the fifth power of a.” 


There is a geometric interpretation of the first three natural-number powers. 





41.4 42-16 43 = 64 
Length 4 ft Area 16 ft? Volume 64 ft? 


LOOK CLOSELY 


The —4 is squared only when 
the negative sign is inside the 
parentheses. In (—4)?, we are 
squaring —4; in —4’, we are 
finding the opposite of 4”, 


LOOK CLOSELY 


The product of an even 
number of negative factors is 
positive. The product of an 
odd number of negative 
factors is negative. 
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Section 1.4 / Exponents and the Order of Operations Agreement 


To evaluate an exponential expression, write each factor as many times as indi- 


cated by the exponent. Then multiply. 


SP =B513)- 136s = 243 
2-3? =(2:2-2)-3-3)=8-9=72 





Example 1 Evaluate (—4)* and —4?. 
Solution (—4)* = (—4)(—4) = 16 
—-" = —(4- 4) = -16 
Problem1 Evaluate (—5)° and —5°. 
Solution See page S2. 
Example 2 Evaluate (—2)* and (—2)°. 
Solution” (—2)*= (—2)(—2)(—2)(—2) G77 62) GC2G2 
oral a2) (==) eA 2)( = 2) 2) 
) = -8(-2) = -8(-2)(—2) 
= 16 = 16(—2) 
= —32 
Problem 2 Evaluate (—3)? and (—3)’. 
| Solution See page 82. 
2\3 
Example 3 Evaluate (—3)* - 2° and (—2) : 
Solution (—3)* - 2? = (—3)(—3) - (2)(2)(2) =9-8 = 72 
2\3 2 DZ 2 2a 8 
| Bogen ees 
) 3 3 2\ 
) Problem 3 Evaluate (3°)(—2)° and (-2) ; 
L Solution See page S2. 


The Order of Operations Agreement 


Let 


(CD) fe 


Evaluate2 + 3-5. 


There are two arithmetic operations, addition and multiplication, in this problem. 
The operations could be performed in different orders. 


Add first. ee Multiply first. RENO a0 
Ss eS 
Then multiply. 5 2) Then add. Zee 5 
17 
2. 


In order to prevent there being more than one answer to the same problem, an 
Order of Operations Agreement has been established. 
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The Order of Operations Agreement 





Step 1 Perform operations inside grouping symbols. Grouping symbols 
include parentheses ( ), brackets [ ], absolute value symbols | |, and 
the fraction bar. 


Step 2 Simplify exponential expressions. 
Step 3 Do multiplication and division as they occur from left to right. 
Step 4 Do addition and subtraction as they occur from left to right. 


from left to right. 


Problem 4 _ Simplify: 36 + (8 — 5)? — (-—3) - 2 


® Example 4 Simplify: 12 — 24(8 — 5) + 2? 

Solution 12 ~ 24(8 — 5) = 2 

| = 12 — 24(3) + 2? > Perform operations inside grouping sym- 
bols. 

i = 12 — 24(3) + 4 > Simplify exponential expressions. 

i SA > Do multiplication and division as they occur 

aa eal from left to right. 

) a > Do addition and subtraction as they occur 

' 

tay 


Solution See page 82. 


One or more of the steps shown in Example 4 may not be needed to simplify an ex- 
pression. In that case, proceed to the next step in the Order of Operations Agreement. 


Problem 5 Simplify: 27 + 3? + (-3)?- 4 


+ 
= Example 5 Simplify: > — |3 - 1| + 2 
Petpeede Hi 
Solution i5= 1 |8epedjcne 
i 
r = : Slee 2 > Perform operations inside grouping symbols 
. (above and below the fraction bar and inside 
i the absolute value symbols). 
i 
: = ': —2+2 > Find the absolute value of 2. 
| =4—-2+2 > Do multiplication and division as they occur 
from left to right. 
=2+2 > Do addition and subtraction as they occur 
a from left to right. 


« Solution See page $2. 


When an expression has grouping symbols inside grouping symbols, first perform 
the operations inside the inner grouping symbols by following Steps 2, 3, and 4 of 
the Order of Operations Agreement. Then perform the operations inside the outer 
grouping symbols by following Steps 2, 3, and 4 in sequence. 





Section 1.4 / Exponents and the Order of Operations Agreement 37 


Example 6. Simplify: 6 + [4 — 6 — 8)] + 2? 


Solution 6 = [4 — (6 — 8)]+ 2° 
=6+([4- (=2)/ 2? +» Perform operations inside inner group- 
Z ing symbols. 








=6+6+27 > Perform operations inside outer group- 
ing symbols. 

=6+6+4 > Simplify exponential expressions. 

=1+4 > Do multiplication and division. 

=5 > Do addition and subtraction. 


Problem 6 Simplify: 4 — 3[4 — 2(6 — 3)] +2 


Solution See page S2. 





CONCEPT REVIEW 1.4 





Determine whether the statement is always true, sometimes true, or never true. 


1. 


Bi 


(—5)*, —5’, and —(5)’ all represent the same number. 


By the Order of Operations Agreement, addition is performed before 
division. 


In the expression 3°, 8 is the base. 
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4. The expression % is in exponential form. 


5. To evaluate the expression 6 + 7 - 10 means to determine what one number 
it is equal to. 


6. When using the Order of Operations Agreement, we consider the absolute 
value symbol a grouping symbol. 


7. Using the Order of Operations Agreement, it is possible to get more than one 
correct answer to a problem. 


8. The Order of Operations Agreement is used for natural numbers, integers, 
rational numbers, and real numbers. 


9. The expression (2°)? equals 2°”. 


10. Suppose a and b are positive integers. Then a’ = b’. 


EXERCISES 1.4 


0 Evaluate. 
dean.G2 QI 7* Bh 4 1 By (oe 
_9)3 _3)4 _5)3 ue =) 
6. (~2) 7, (3) 8. (—5) 9. (5) 10. (-3) 
1. (0.3) 12. (1.5) 13. (E) +3 14. (-5)'-8 15. (0.3)- 2° 
16. (0.5)? - 3° 17S 3) 2? AS: A=S)ie3? 19 Se 2) ee 
PAW, 1p) on vd 2 23 (4) 22 ie=3) oO 23H 7) 4? BF 
NZ 3\2 
24. (-2)- 2. (-3) a5. (=) 7-3" 26. (=) -(-4)-2 27. 8?-(-3)°- 5 
28. Y Why do we need an Order of Operations Agreement? 
29. Y Describe each step in the Order of Operations Agreement. 
Simplify by using the Order of Operations Agreement. 
30, 4-8. 2 31. 2 S22 ee 


235 116 —93) + 2- 34. 24-18 +342 35.0 Si -a(S3)h 2) 
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36. 16+ 15+ (-5)-2 3 7p a 12 = | 7) 38. 3 — 2[8 — (3 — 2)] 
39, —2? + 4116 + (3-5 0.6 nee 
[ ( ) 6 ae A eee ae) 
42. 96 + 2[12 + (6 — 2)] -33 43. 4-[16 — (7 —1)] +10 44. 16+2-4 -(-3/y 
45. 18 + |9 — 29| + (-3) 46. 16 —-3(8 — 3 +5 47, 4(—8) + [2(7 — 3)?] 
(—10) + (-2) | 3-7 
48. Pees an toe |2 = 4| 49. 16-4: po G2)e 50. (0.2)? - (—0.5) + 1.72 
51. 0.31.7 — 4.8) + (1.2)? 52. (1.8)? — 2.52 = (1.8) 53. (1.65 — 1.05)? + 0.4 + 0.8 
Oeeelo ae ere (ts © 
Bt E+ | So eller 


APPLYING CONCEPTS 1.4 


56. Y Using the Order of Operations Agreement, describe how to simplify 
Exercise 46. 


Place the correct symbol, < or >, between the two numbers. 


yaar (9) ee Ie BS. aa) ey 59. 11) 09) 
Simplify. 

CO eo 47 Gl a2 aS aaa 

62 (1) (2) (3) (Gar 63. (—2)? + (—4)? + (-6)? + (-8)* 

Solve. 


64. Find a rational number, r, that satisfies the condition. 
aerier borer ieee 


65. Computers A computer can do 6,000,000 additions in 1 s. To the nearest 
second, how many seconds will it take the computer to do 10° additions? 


66. Thesum of two natural numbers is 41. Each of the two numbers is the square 
of a natural number. Find the two numbers. 


Determine the ones digit when the expression is evaluated. 


67. 34702 68. ea 69. 97622 


70. WV Prepare a report on the Kelvin scale. Include in your report an explana- 
tion of how to convert between the Kelvin scale and the Celsius scale. 
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- Focus on Problem Solving 





Inductive Reasoning 


Suppose you take 9 credit hours each semester. The total number of credit hours 
you have taken at the end of each semester can be described in a list of numbers. 


9 18; 277.36, 49,9400) 6:.. 


The list of numbers that indicates the total credit hours is an ordered list of num- 
bers, called a sequence. Each number in a sequence is called a term of the 
sequence. The list is ordered because the position of a number in the list indicates 
the semester in which that number of credit hours has been taken. For example, 
the 7th term of the sequence is 63, and a total of 63 credit hours have been taken 
after the 7th semester. 


Assuming the pattern is continued, find the next three numbers in the pattern 
6) 10/7 1A eS 


This list of numbers is a sequence. The first step in solving this problem is to 
observe the pattern in the list of numbers. In this case, each number in the list is 4 
less than the previous number. The next three numbers are —22, —26, —30. 


This process of discovering the pattern in a list of numbers is inductive reasoning. 
Inductive reasoning involves making generalizations from specific examples; in 
other words, we reach a conclusion by making observations about particular facts 
or cases. 


Try the following exercises. Each exercise requires inductive reasoning. 


Name the next two terms in the sequence. 


tl XO. 1G 5: 7 BP 2 2. U4 2D Or 4 ae 
Bi 2747, Wal Gi eee qn oC, Gry NL 


Draw the next shape in the sequence. 


Tee 


Solve. 


2. 13 8 


7. Convert eg Y and = , to decimals. Then use the pattern you observe to 


ve 
convert © “aa and — ; to decimals. 


ty 2 a 


8. Convert ae eres a and 5 3 to decimals. Then use the pattern you observe 


Smalls 
to convert —, —, and — 
Te nd 3 = to decimals. 
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rojects and Group Activities 








H Calculators 


Does your calculator use the Order of Operations Agreement? To find out, try this 
problem: 


2+4-7 


If your answer is 30, then the calculator uses the Order of Operations Agreement. 
If your answer is 42, it does not use that agreement. 


Even if your calculator does not use the Order of Operations Agreement, you can 
still correctly evaluate numerical expressions. The parentheses keys, [_(] and [_)_], 
are used for this purpose. 

















Remember that 2 + 4-7 means 2 + (4-7) because the multiplication must be 
completed before the addition. To evaluate this expression, enter the following: 











Enter: 2 + ( 4 x i ) = 









































Display: 28 aoc iinipaced 217m bas veNsp 


When using your calculator to evaluate numerical expressions, insert parentheses 
around multiplications or divisions. This has the effect of forcing the calculator to 
do the operations in the order you want rather than in the order the calculator 


wants. 

Evaluate. 

1. polls hau Acta) — 36 + 3 2.4-2-(12+24+6)-5 
6. 16-4" 3 (Oo 45) 2 BO ee Oe ee 


Using your calculator to simplify numerical expressions sometimes requires use 
of the key or, on some calculators, the negative key, which is frequently 
shown as L©)]. These keys change the sign of the number currently in the display. 
To enter —4: 


¢ For those calculators with E41, press 4 and then [-], 
¢ For those calculators with L™, press and then 4. 


Here are the keystrokes for evaluating the expression 3(—4) — (—5). 
Calculators with keys. 3 4 = [=] 
Calculators with key: 3 4 Viey.5 =a 


This example illustrates that calculators make a distinction between negative and 
minus. To perform the operation 3 — (—3), you cannot enter 3 eri 3. This 
would result in 0, which is not the correct answer. You must enter 


3 (13 FAT] Ore ge ones Ol aie 
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Use a calculator to evaluate each of the following exercises. 
L162 2, —s) $47 = (-9) 
4. =50 = (—14) 5, 4—=(—3) 6: 8) (- oa 


Moving Averages 








Objective 1.2.5 describes how to find the moving average of a stock. Use this 
method to calculate the 5-day moving average for at least three different stocks. 
Discuss and compare the results for the different stocks. 


For this project, you will need to use stock tables, which are printed in the busi- 
ness section of major newspapers. Your college library should have copies of these 
publications. In a stock table, the column headed “Chg.” provides the change in 
the price of a share of the stock; that is, it gives the difference between the closing 
price for the day shown and the closing price for the previous day. The symbol + 
indicates the change was an increase in price; the symbol — indicates the change 
was a decrease in price. 


You can also look up stock prices on the Internet by using a search engine and typ- 
ing in “stocks.” 


www.fedstats.gov 


Information regarding the history of the federal budget can be found on the World 
Wide Web. Go to the web site www.fedstats.gov. Click on “Fast Facts” and then on 
“Frequently Requested Tables.” In the list of tables printed to the screen, find the 
table entitled “Federal Budget - Summary.” Click on it. When the federal budget 
table appears on the screen, look for the column that lists each year’s surplus or 
deficit. You will see that a negative sign (—) is used to show a deficit. Note that it 
states near the top of the screen that the figures in the table are in millions of dollars. 


1. During which years shown in the table was there a surplus? 
2. During which year was the debt the greatest? 


3. Find the difference between the surplus or debt this year and the surplus or 
debt 5 years ago. 


4. What is the difference between the surplus or debt this year and the surplus or 
debt a decade ago? 


5. Determine what two numbers in the table are being subtracted in each row in 
order to arrive at the number in the surplus or deficit column. 


6. Describe the trend of the federal deficit over the last 10 years. 
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Key Words 

A set is a collection of objects. The objects in the set are called The set of even natural numbers less than 
the elements of the set. The roster method of writing sets encloses 10 is written A = {2, 4, 6, 8}. The elements 
a list of the elements in braces. (Objective 1.1.1) in this set are the numbers 2, 4, 6, and 8. 


The set of natural numbers is {1, 2, 3, 4, 5, 6, 7,...}. The set of inte- 
Rens is yore 4, eI 2 oa duee (Objective 1.1.1) 


A number a is less than another number b, written a < b, if a is 
to the left of b on the number line. A number a is greater than 
another number b, written a > b, if a is to the right of b on the 
number line. The symbol = means is less than or equal to. The 
symbol = means is greater than or equal to. (Objective 1.1.1) 


Two numbers that are the same distance from zero on the num- 
ber line but on opposite sides of zero are opposite numbers, or 
opposites. The opposite of a number is also called its additive 
inverse. (Objective 1.1.2) 


The absolute value of a number is its distance from zero on the 
number line. The absolute value of a number is positive or 
zero. (Objective 1.1.2) 


A rational number is a number that can be written in the form 
a 
vy 
written in this form is commonly called a fraction. 
(Objective 1.3.1) 


where a and b are integers and b # 0. A rational number 


An irrational number is a number that has a decimal represen- 
tation that never terminates or repeats. (Objective 1.3.1) 


The rational numbers and the irrational numbers taken 
together are called the real numbers. (Objective 1.3.1) 


Percent means “parts of 100.” (Objective 1.3.2) 


An expression of the form a” is in exponential form, where a is 
the base and n is the exponent. (Objective 1.4.1) 


Essential Rules and Procedures 


To add two integers with the same sign, add the absolute val- 
ues of the numbers. Then attach the sign of the addends. 
(Objective 1.2.1) 


To add two integers with different signs, find the absolute 
value of each number. Then subtract the smaller of these 
absolute values from the larger one. Attach the sign of the 
number with the greater absolute value. (Objective 1.2.1) 


To subtract one integer from another, add the opposite of the 
second integer to the first integer. (Objective 1.2.2) 


To multiply two integers with the same sign, multiply 
the absolute values of the numbers. The product is positive. 
(Objective 1.2.3) 


To multiply two integers with different signs, multiply the 
absolute values of the numbers. The product is negative. 
(Objective 1.2.3) 
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ORE, 
41-5 


5 and —5 are opposites. 


|-12| = 12 
VS 


39 


4 
Sone and 7 are rational numbers. 


%, AV/ox and 2.17117111711117. . . are irra- 


tional numbers. 
-, - -, a, V2, and 2.17117111711117. . . are 


real numbers. 
63% means 63 of 100 equal parts. 


6° is an exponential expression in which 6 is 
the base and 3 is the exponent. 


9 + (-3) =6 
-9 + 3 =-6 


6 — 11 =6 + (-11) =-5 
—2 — (-8) =-2 + 8 =6 


3(5) = 15 
(—3)(-5) =15 
—3(5) = -15 
3(-5) = -15 


44 Chapter 1 / Real Numbers 


To divide two integers with the same sign, divide the 
absolute values of the numbers. The quotient is positive. 
(Objective 1.2.4) 


To divide two integers with different signs, divide the 
absolute values of the numbers. The quotient is negative. 
(Objective 1.2.4) 


Zero and One in Division (Objective 1.2.4) 


° Oa 

a 

Division by zero is undefined. 
=1,a#40 


=p 


ala Sis 


To convert a percent to a decimal, remove the percent sign and 
multiply by 0.01. (Objective 1.3.2) 


To convert a percent to a fraction, remove the percent sign and 


multiply by = (Objective 1.3.2) 


To convert a decimal or a fraction to a percent, multiply by 
100%. (Objective 1.3.2) 


Order of Operations Agreement (Objective 1.4.2) 


Step 1 Perform operations inside grouping symbols. 

Step 2 Simplify exponential expressions. 

Step 3 Do multiplication and division as they occur from left 
to right. 

Step 4 Do addition and subtraction as they occur from left 
to right. 





14) S2S7 
Ay bs 


if (2) = 7 
—(4° =) —_-7 


0 
5=0 
2 


6 is undefined. 

ae 
ai 

EOS 
1 


85% = 85(0.01) = 0.85 


1 


=O 


a, ee ee 
25% = 25 1000, 10005 a4 


oa 
0109 || 


0.5(100%) = 50% 


- 100% = a % = 37.5% 


cClw © 


16 + (-2)) + (7 — 12) 
16 + (—2)? + (-5) 
LOS-71(==S) SASS) 
= -2 + (-5) 


= -7 


_ Chapter Review Exercises 


1. Use the roster method to write the set of natural 
numbers less than 7. 


3. Evaluate: —|—4| 4, 
5, Divides —56!} = (—33) 6. 
7. Simplify: (6.02)(—0.89) 8. 


9. Find the opposite of —4. 10. 


Simplify: 


2. Write ° as a percent. 


Subtract:.16.— (—30)— 42 


SSF 
Write g asa decimal. Place a bar over the repeat- 


ing digits of the decimal. 


SOR 2 


Tae ee 





Subtract: 16 — 30 


11. 


13. 


15. 


L7. 


19. 


ZA: 


os 


25. 


273 


29. 


31. 


33. 


35. 


7s 


39. 


41. 


Write 0.672 as a percent. 
Divide 720.8 
6 


nee ee eta ised 
Divide: o 7 


Place the correct symbol, < or >, between the 
two numbers. 
cole a0) 


Multiply: (—5)(—6)(3) 


Given A = {-—5, —3, 0}, which elements of set A 
are less than or equal to —3? 


Evaluate: - - (4) 


Add: 13 + (—16) 


ee 


dee 
Add: ies 


: 7 
Write 25 as a percent. Round to the nearest tenth 


of a percent. 

Find the opposite of —2. 
Divide: 96 + (—12) 
Divide: = me : 


Evaluate: |—3] 


Write 25 as a percent. Write the remainder in frac- 


tional form. 


Divide: (—204) + (—17) 


12. 


14. 


16. 


18. 


20. 


22: 


24. 


26. 


28. 


30. 


o2. 


34, 


36. 


38. 


40. 


42. 
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Write 79-% as a fraction. 
ote ley : 

Write a as a decimal. 

Simplify: 37-4+20+5 


Adds 224 14-- (<8) 


Subtract: 6.039 — 12.92 


Write 7% as a decimal. 


Place the correct symbol, < or >, between the 
two numbers. 
=2 —40 


Multiply: (—4) (12) 
Evaluate: (—3°) - 2? 


Write 240% as a decimal. 


Subtract: 7 — 21 


rR. , 
Write a as a decimal. 


Simplify;2 = 47-2217) 

Subtract= 12) "(1 0) 4 

Given C = {—12, —8, —1, 7}, find 

a. the opposite of each element of set C. 


b. the absolute value of each element of set C. 


Write = as a decimal. Place a bar over the 


repeating digits of the decimal. 


46 


43. 


45. 


47. 


49. 


51. 


53. 


DO: 


57. 


59. 


61. 


63. 


65. 


67. 


69. 


71. 


72s 
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Divide: 0.2654 + (—0.023) 
Round to the nearest tenth. 


Place the correct symbol, < or >, between the 
two numbers. 
8 =O 


Multiply: 2(—3)(—12) 


Given D = {—24, —-17, —9, 0, 4}, which ele- 
ments of set D are greater than —19? 


Evaluate: —4? - ay 


Evaluate: —|17| 


ton I-30 


Sar : 
Write = as a decimal. 


Write 0.075 as a percent. 


Add: 14 + (—18) + 6 + (—20) 
Simplify: 2? — 7 + 16 + (-3 + 5) 


Divide: —128 + (—8) 


1 3 
Evaluate: ( -3) - 9? 


Multiply: 5(—2)(10)(—3) 


Find the temperature after a rise of 14°C from —6°C. 


44, 


46. 


48. 


50. 


52, 


54. 


56. 


58. 


60. 


62. 


64. 


66. 


68. 


70. 


Simplify: (7. =-2)? >be a4 


Add: —12 + 8 + (—4) 


2 1 
Add: =a at é 
Write 0.002 as a percent. 
Add: —1.329 + 4.89 


Subtract: —5 — 22 — (—13) — 19 — (-6) 


Place the correct symbol, < or >, between the 
two numbers. 


—43 —34 


Evaluate (—2)° - 4. 


spi 19 : : : 
Write 3- as a percent. Write the remainder in 


fractional form. 


Multiply: —4(—8)(12)(0) 


Simplify: ; ct = 2 


Place the correct symbol, < or >, between the 


two numbers. 
Oo, 28 


Add: —7 + (—3) + (—12) + 16 


Use the roster method to write the set of nega- 
tive integers greater than —4. 


The daily low temperatures, in degrees Celsius, for a three-day period were 
recorded as follows: —8°, 7°, —5°. Find the average low temperature for the 


three-day period. 


73. 


74. 


Vide 


11. 


13. 


15. 


7s 


19. 


21. 


23s 


Chapter 1 / Chapter Test 47 


The high temperature for the day was 8°C. The low temperature was —5°C. 
Find the difference between the high and low temperatures for the day. 


Find the temperature after a rise of 7°C from —13°C. 


The temperature on the surface of the planet Venus is 480°C. The tempera- 
ture on the surface of the planet Pluto is —234°C. Find the difference between 


the surface temperatures on Venus and Pluto. 





, hapter Test 





Write 55% as a fraction. 


Subtract: —9 — (—6) 
Multiply: 3( a 
Evaluate: (-=) - 3? 


Use the roster method to write the set of posi- 
tive integers less than or equal to 6. 


Evaluate: |—29| 


4 5 
Subtract: cae ee 
Simplify: 8 + = a6 


Write = as a percent. Round to the nearest tenth 


of a percent. 


Subtract: 13 — (—5) — 4 


Multiply: (—0.9) (2.7) 


Evaluate: 27 - (—4)* - 10 


10. 


12. 


14. 


16. 


18. 


20. 


Ze 


24. 


Given B = {—8, —6, —4, —2}, which elements of 
set B are less than —5? 


Write x as a decimal. 
Divide: —75 + 5 
Add: —7 + .(—3) + 12 


Write 1.59 as a percent. 


Place the correct symbol, < or >, between the 
two numbers. 


AT) 568 
Multiply: —6(—43) 
Divide: —: + ie 


Write 6.2% as a decimal. 


Write 5 as a decimal. Place a bar over the 


repeating digits of the decimal. 
Divide: —180 + (—12) 


Nd r= 8) et 19) 
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25. Evaluate: —|—34| 26. Place the correct symbol, < or >, between the 
two numbers. 
5o oO? 
27. GivenA = {-17, —6,5, 9}, find 28. Write = as a percent. Write the remainder in 
a. the opposite of each element of set A. fractional form. 
b. the absolute value of each element of set A. 
29. Add: —18.354 + 6.97 30. Multiply: —4(8)(—5) 


31. Simplity: 9(—4) + [2(8 — 5)] 
32. Find the temperature after a rise of 12°C from —8°C. 


33. The daily high temperatures, in degrees Celsius, for a four-day period were 
recorded as follows: —8°, —6°, 3°, —5°. Find the average high temperature for 
the four-day period. 





Nutritionists are hired by schools, 
hospitals, and other institutions to plan 
appealing meals that supply the 
nutrition needed to maintain good 
health. To plan a balanced diet, they 
need to know the recommended daily 
requirements of vitamins and minerals 
and the vitamin and mineral content of 
different foods. As meal planning 
requires dealing with so many 
“variables,” a knowledge of variable 
expressions |s very helpful in this 
career. 





Variable 
Expressions 


2.1.1 
2.2.1 
2.2.2 


2.2.3 


2.2.4 


2.2.5 
2.3.1 


2.3.2 


2.3.3 


2.3.4 


OBJECTIVES 


Evaluate variable expressions 
The Properties of the Real Numbers 


Simplify variable expressions using the 
Properties of Addition 


Simplify variable expressions using the 
Properties of Multiplication 


Simplify variable expressions using the 
Distributive Property 


Simplify general variable expressions 


Translate a verbal expression into a variable 
expression given the variable 


Translate a verbal expression into a variable 
expression by assigning the variable 


Translate a verbal expression into a variable 
expression and then simplify the resulting 
expression 


Translate application problems 
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History of Variables 





Before the 16th century, unknown quantities were represented by words. In 

Latin, the language in which most scholarly works were written, the word res, 

meaning “thing,” was used. In Germany the word zahl, meaning “number,” 
was used. In Italy the word cosa, also meaning “thing,” was 
used. | 


Then in 1637, René Descartes, a French mathematician, 
began using the letters x, y, and z to represent variables. It is 
interesting to note, upon examining Descartes’s work, that 
toward the end of the book the letters y and z were no longer 

_ used and x became the choice for a variable. 


One explanation of why the letters y and z appeared less 
frequently has to do with the nature of printing presses during 
Descartes’s time. A printer had a large tray that contained all 
the letters of the alphabet. There were many copies of each 
letter, especially those letters that are used frequently. For 
example, there were more e’s than q’s. Because the letters y and 
z do not occur frequently in French, a printer would have few 
of these letters on hand. Consequently, when Descartes started 
using these letters as variables, it quickly depleted the printer’s 
supply and x’s had to be used instead. 


Today, most nations use x as the standard letter for a single 
unknown. In fact, x-rays were so named because the scientists 
who discovered them did not know what they were and thus 
labeled them the “unknown rays” or x-rays. 
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SSE’ C F'T°O N 2.1 


POINT OF INTEREST 


Historical manuscripts 
indicate that mathematics is 
at least 4000 years old. Yet it 
was only 400 years ago that 
mathematicians started using 
variables to stand for 
numbers. The idea that a 
letter can stand for some 
number was a critical turning 
point in mathematics. 


Evaluating Variable Expressions 


CC }) fixe 


Often we discuss a quantity without knowing its exact value, such as the price of 
gold next month, the cost of a new automobile next year, or the tuition for next 
semester. In algebra, a letter of the alphabet is used to stand for a quantity that is 
unknown or one that can change, or vary. The letter is called a variable. An expres- 
sion that contains one or more variables is called a variable expression. 


Evaluate variable expressions 


A variable expression is shown at 
the right. The expression can be 
rewritten by writing subtraction as 
the addition of the opposite. 


COV at eee 


OXetea ee) aie 2 kit (a arian) 


Note that the expression has five 








addends. The terms of a variable Mare 
expression are the addends of the Crimea OY + (20) eee 
expression. The expression has five me: 
t Variable terms Constant 
erms. ae 
The terms 3x’, —5y,2xy, and —x 
are variable terms. 
The term —7 is a constant term, or 
simply a constant. 
Each variable term is composed of INginaenliee tricone 
a numerical coefficient and a vari- 
7 4 Tia ieee sa irae 
able part (the variable or variables By) sy) a eee 
cy [ee = ui 


and their exponents). 


When the numerical coefficient is 1 
or —1, the 1 is usually not written 


ame Variable part 


(x ="Ix and! —x'= —1z),. 

r Example 1 Name the variable terms of the expression 2a* — 5a + 7. 
Solution 20°, —5a 

_ Problem 1 Name the constant term of the expression 6n? + 3n — 4, 
= Solution See page S2. 


Variable expressions occur naturally in science. In a physics lab, a student may dis- 
cover that a weight of 1 pound will stretch a spring ; inch. A weight of 2 pounds will 
stretch the spring 1 inch. By experimenting, the student can discover that the distance 
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the spring will stretch is found by multiplying the weight, in pounds, by > 
By letting W represent the number of pounds attached to the spring, the distance, 


he pte 
in inches, the spring stretches can be represented by the variable expression > W. 


With a weight of VV pounds, the spring will stretch ; es sw inches. 
With a weight of 10 pounds, the spring will stretch ; - 10 = 5 inches. 


With a weight of 3 pounds, the spring will stretch : -3= 15 inches. 


Replacing the variable or variables in a variable expression with numbers and 
then simplifying the resulting numerical expression is called evaluating the vari- 
able expression. 


Example 2 Evaluate ab — b* when a = 2 and b = —3. 


Solution ab — U’ 
2(—3) — (—3)? > Replace each variable in the expression with the 
number it represents. 
= 2(-—3) — 9 » Use the Order of Operations Agreement to sim- 
=-6-9 plify the resulting numerical expression. 


= -15 


Problem 2 Evaluate 2xy + y’ when x = —4 and y = 2. 
Solution See page 82. 














Example 3 Evaluate £ — = when a = 3 and b = —4. 
Solution “—" 
BaD 
(3)? — (-4)? > Replace each variable in the expression with the 
3 — (-4) number it represents. 
= VS > Use the Order of Operations Agreement to simplify 
3 — (-4) the resulting numerical expression. 
hea a 
pane 
= —] 
Problem 3 Evaluate - e when a = 5 and b = —3. 


Solution See page S3. 


STUDENT NOTE 


For your reference, 
geometric formulas are 
printed inside the front cover 
of this textbook. 
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© Example 4. Evaluate x2 — 3(x — y) — 2 when x = 2, y = —1, andz =3. 


Solution x — 3(x — y) — 2 
(2)? — 3[2 — (—1)] — @)?__ > Replace each variable in the expression 
with the number it represents. 


= (2)? — 3(3) — BY > Use the Order of Operations Agree- 
= 4 — 3(3) -—9 ment to simplify the resulting numeri- 
=4-9-9 cal expression. 

Slee kD 
=-14 


Problem 4 Evaluate x° — 2(x + y) + z? when x = 2, y = —4, and z = —3. 


= Solution See page S3. 


~ Example 5 The diameter of the base of a right circular 
cylinder is 5 cm. The height of the cylinder 
is 8.5 cm. Find the volume of the cylinder. 
Round to the nearest tenth. 





cca aieennneinaeeenniaiale 7 





Solution V = arh > Use the formula for the volume of a right circu- 
lar cylinder. 
1 1 
V = 7(2.5)7(8.5) br= 54 = 5 (9) = 2.5 


V = 7(6.25)(8.5) » Use the 7 key on your calculator to enter the 
V = 166.9 value of 7. 


The volume is approximately 166.9 cm’. 


Problem 5 The diameter of the base of a right cir- 
cular cone is 9 cm. The height of the 
cone is 9.5 cm. Find the volume of the 
cone. Round to the nearest tenth. 





Solution See page S3. 





A graphing calculator can be used to evaluate variable expressions. 
er] When the value of each variable is stored in the calculator’s memory 
«a= and a variable expression is then entered on the calculator, the calcu- 
lator evaluates that variable expression for the values of the variables stored 
in its memory. See the Appendix for a description of keystroking procedures 
for different models of graphing calculators. 
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CONCEPT REVIEW 2.1 





Determine whether the statement is always true, sometimes true, or never true. 


1. The expression 3x’ is a variable expression. 


2. In the expression 8y* — 4y, the terms are 8y° and 4y. 

3. For the expression x°, the value of x is 1. 

4. For the expression 6a + 7b, 7 is a constant term. 

5. The Order of Operations Agreement is used in evaluating a variable expression. 
6. The result of evaluating a variable expression is a single number. 





EXERCISES 2.1 





BY Name the terms of the variable expression. Then underline the constant term. 


1. 2x°+ 5x - 8 2. -—3n?—4n+7 


Name the variable terms of the expression. Then underline the variable part of 
each term. 


4. 9b? — dab + @? 5. 7x°y + 6xy? + 10 


Name the coefficients of the variable terms. 


7 x7-9x+2 8. 12a* — 8ab — br 


6. 5 — 8n — 3n? 


9. wW-47-n+9 
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10. Y What is the meaning of the phrase “evaluate a variable expression”? 


11. What is the difference between the meaning of “the value of the vari- 
able” and the meaning of “the value of the variable expression”? 





























Evaluate the variable expression when a = 2, b = 3,andc = —4. 
12. 3a + 2b 13. a— 2c 14. -a 
15. 2¢ 16. —3a + 4b 17. 3b — 3c 
18. P-3 19. —3c+4 205, 161-1126) 
215860. (—a) 220 80e—- (22) 23.40 = Ava 
244. 7? -l 2. b-—c¢ 26. (a+ by’ 
27. @+b? 28. 2a-—(c+a) 29. (b— a) + 4c 
ac Sab 2 
30. b? - & 31. cen 3cb 32. (b — 2a)* + be 
Evaluate the variable expression when a = —2,b =4,c = —1, and d = 3. 
aoe 34, 274 35, a? 
Gg a 
b + 2d b-d DG 
36. 37 eas er 
39. (b+ d) — 4a 40. (d —a)* — 3c 41. (d-ay’ +5 
42 (b—cy = 5 43. be —2b+4 44. a—5a-—6 
Aerie 46, = + (—c) 47. 2(b +c) — 2a 
a 
b—2 b-a 
48. 3(b — a) — be D9 ea, BON er ae 
3 5 —Abc 
Sie 5d? — 5b 52. eae 53. ya 
de 55. a — 3a +a 56a odo 
* b-d 
2 1 age \Dees oe 
57. —=b + 5 (ac + bd) 58. —=d — = (bd — ac) 59. (b—a?—(d-0) 
60. (b+ c+ (at+d)y 61. 4ac + (2a) 62. 3dc — (4c)* 
Evaluate the variable expression when 4 = 2.7,b = —1.6,and c = —0.8. 
b? 
63. c*—ab 64. (a+ b)-—c 65. —— 4a 
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Solve. Round to the nearest tenth. 


66. Geometry Find the volume of a sphere that has a radius of 8.5 cm. 


67. Geometry Find the volume of a right circular cylinder that has a radius 
of 1.25 in. and a height of 5.25 in. 





68. Geometry The radius of the base of a right circular cylinder is 3.75 ft. The 


height of the cylinder is 9.5 ft. Find the surface area of the cylinder. se 





69. Geometry The length of one base of a trapezoid is 17.5 cm, and the length 
of the other base is 10.25 cm. The height is 6.75 cm. What is the area of the 
trapezoid? 


Ie Siem 


70. Geometry A right circular cone has a height of 2.75 in. The diameter of 
the base is 1 in. Find the volume of the cone. 

71. Geometry A right circular cylinder has a height of 12.6 m. The diameter 12.6 m 

of the base is 7 m. Find the volume of the cylinder. 





APPLYING CONCEPTS 2.1 





Evaluate the variable expression when a = —2 and b = —3. 
72. |2a + 3b 73. |—4ab| 74. |\5a — dl 
Evaluate the variable expression when a = : and b = —5. 
1 (2ab)? 
75. 300° (oes 7/900 = 6a 
Evaluate the following expressions for x = 2, y =3,and 7=— =2. 
Lomo ke 192 ye 80. z¥ 
Siem, 82x Sonny 


84. For each of the following, determine the first natural number x, greater than 
2, for which the second expression is larger than the first. On the basis of 
your answers, make a conjecture that appears to be true about the expres- 
sions x" and n*, where 7 = 3,4,5,6,7,...and x is a natural number greater 
than 2. 


a.ine, 3% bia)" 


ce x, 5% d. X76" 


Section 2.2 / Simplifying Variable Expressions 57 





S EG TION 2.2 


Simplifying Variable Expressions 





The Properties of the Real Numbers (C5) fe 


The Properties of the Real Numbers describe the way operations on numbers can 
be performed. Here are some of the Properties of the Real Numbers and an exam- 
ple of each. 


The Commutative Property of Addition 





If a and b are real numbers, thena + b=b + a. 


Two terms can be added in either order; the sum is the same. 


Ae B= eiyel 3) <b Al = 7 


The Commutative Property of Multiplication 





If a and b are real numbers, thena:b=bD- a. 


Two factors can be multiplied in either order; the product is the same. 


(5)(—2):==10 sand (—2)(6)—==10 


The Associative Property of Addition 





If a, b, and c are real numbers, then (a + b) +c=a+(b+ Cc). 


When three or more terms are added, the terms can be grouped (with parenthe- 
ses, for example) in any order; the sum is the same. 


24+(36+4)=2+7=9 and (2+3)+14=51+4=9 


The Associative Property of Multiplication 


Plo ar 


If a,b, and c are real numbers, then (a: b)-c =a: (b- Cc). 





When three or more factors are multiplied, the factors can be grouped in any 
order; the product is the same. 


(2-3)-4=6°-4=24 and 2-(3-4)=2-12=24 
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The Addition Property of Zero 


If ais a real number, thena + 0=0+a4=a. 


The sum of a term and zero is the term. 


4+0=4 0+4=4 


The Multiplication Property of Zero 


If ais a real number, thena:0=0-:a=0. 





The product of a term and zero is zero. 
(5)(0) = 0 (0)(5) = 0 


The Multiplication Property of One 


If ais a real number, thena:1=1:a=a. 





The product of a term and 1 is the term. 


6,>1-= 6 1: 6.=6 


The Inverse Property of Addition 





If a is a real number, then a + (—a) = (—a) +a = 0. 


The sum of a number and its opposite is zero. 
The opposite of a number is called its additive inverse. 


8 + (-8) = 0 (-8) + 8=0 


The Inverse Property of Multiplication 





If a is a real number, anda # 0, thena-==2-q= 1 





The product of a number and its reciprocal is 1. 


I : ly cone eee 
; is the reciprocal of a. ; is also called the multiplicative inverse of a. 


1 1 
on 5°7=1 
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The Distributive Property 


If a, b, and c are real numbers, then a(b + c) = ab + ac or (b + cla = ba + ca. 





By the Distributive Property, the term outside the parentheses is multiplied by 
each term inside the parentheses. 


2(3.+ 4)=2-3+2-4 (4+5)2=4-:2+5-2 
2a =16 "+ 8 Or Ort 10 
14= 14 13 = 18 


~ Example 1 Complete the statement by using the Commutative Property of 
Multiplication. 


(6)(5) = (?)(6) 


Solution (6)(5) = (5)(6) =» The Commutative Property of Multiplication states 
thats pias) 2: 


Problem 1 Complete the statement by using the Inverse Property of Addition. 


| 7+2=0 


~ Solution See page S3. 


~ Example 2 Identify the property that justifies the statement. 
| 2(8 + 5) =16+ 10 


Solution The Distributive Property » The Distributive Property states that 
a(b + c) = ab + ac. 


Problem 2 Identify the property that justifies the statement. 
53-4 7) = (5 + 13) 297 


i 
= 
x 
3 
y 
d 
e 
: 
x 
4 
a 


el 
oh 
df 


« Solution See page S3. 


Lt 
Simplify variable expressions using the cm) 
Properties of Addition 


Like terms of a variable expression 
are terms with the same variable part. 


2s 2 nn ae 
(Because x* = x-+ x, x° and x are not Be En ee ee Otay! 


x 
like terms.) 
Constant terms are like terms. 4 and 9 


are like terms. 





To combine like terms, use the Dis- 2x + 3x = (2 + 3)x 
tributive Property ba + ca = (b + c)a = 5x 
to add the coefficients. 
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Example 3 Simplify. A. —2y+3y  B. 5x — 11x 


Solution A. —2y + 3y 
2) > Use the Distributive Property 
ba + ca = (b + c)a. 


=1y > Add the coefficients. 
any > Use the Multiplication Property 
of One. 
Be x 


=[5+(-11)]x » Use the Distributive Property 
ba + ca = (b + c)a. 
= 67 > Add the coefficients. 


Problem 3 Simplify. A. 9x+6x B. —4y — 7y 





Solution See page S3. 


In simplifying more complicated expressions, use the Properties of Addition. 


The Commutative Property of Addition can be used when adding two like terms. 
The terms can be added in either order. The sum is the same. 


2x (—4x) = =—4x + 2x 
2 ie (42) 
=—2 = =2% 


I 


The Associative Property of Addition is used when adding three or more terms. 
The terms can be grouped in any order. The sum is the same. 


3x + 5x + 9x = (Bx + 5x) + 9x = 3x + Gx + 9x) 
8x + 9x = 3x + 14x 
17x = 17x 


By the Addition Property of Zero, the sum of a term and zero is the term. 
Die 0 =) aXe aoe 


By the Inverse Property of Addition, the sum of a term and its additive inverse is 
zero. 


1X + (—7x) = —7x% + 7x = 0 


Example 4 Simplify. A. 8x+3y-—8x  B. 4x7 + 5x — 6x? — 2x 
Solution A. 8x + 3y — 8x 





= OY at OX p> OX > Use the Commutative Property 
of Addition to rearrange the 
terms. 

= 3y + (8x.— 8x) > Use the Associative Property of 
Addition to group like terms. 

= DY iO) > Use the Inverse Property of 
Addition. 

=20N) > Use the Addition Property of 


Zero. 
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B. 4x* + 5x — 6x" — 2x 
S14 S16Nt Dx! S 25 > Use the Commutative Property 
of Addition to rearrange the 
terms. 
(4x? — 6x”) + (5x — 2x) > Use the Associative Property of 
Addition to group like terms. 
= —2x? + 3x > Combine like terms. 


Problem 4 Simplify. A. 3a-—2b+5a  B. x*-7+9x?-14 
Solution See page S3. 


Simplify variable expressions using the 8) ico 
Properties of Multiplication 
The Properties of Multiplication are used in simplifying variable expressions. 


The Associative Property is used when multiply- 2(3x) = (23) x = 6x 
ing three or more factors. 


The Commutative Property can be used to (3x) -2=2- (x) = 6x 
change the order in which factors are multiplied. 


By the Multiplication Property of One, the prod- (8x) (1) = (1) (8x) = 8x 
uct of a term and 1 is the term. 


By the Inverse Property of Multiplication, the Die a = - eel a ere 
product of a term and its reciprocal is 1. 
Example 5 Simplify. A. 2(-x) BB. (2) C. (16x)2 


Solution A. 2(—x) = 2(-1- x) Pag = ly = 1 ex 
=[2-(-1)]x > Use the Associative Property of Multipli- 
cation to group factors. 





2 > Multiply. 
3 (2x) _ 3/2 Bie ee 
B. 3(22) = 3[24] > Note that aoe erage 
is 2 : : x > Use the Associative Property of Multipli- 
Z cation to group factors. 
= 1% > Use the Inverse Property of Multiplica- 
tion. 
=o > Use the Multiplication Property of One. 
C. (16x)2 = 2(16x) > Use the Commutative Property of Multi- 


plication to rearrange factors. 

= (2 - 16)x > Use the Associative Property of Multipli- 
cation to group factors. 

Oe > Multiply. 


Problem 5 Simplify. A. —7(-2a) B. —2(-30y2)_—C. (-5x)(-2) 





Solution See page S3. 
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| ———-----—. | fal 

Simplify variable expressions using the (3) 
Distributive Property 
The Distributive Property is used to remove paren- B(2x—= 5) 
theses from a variable expression. = 3(2x) — 3(5) 

= 60> 19 
An extension of the Distributive Property is used A(x + 6x — 1) 
when an expression contains more than two terms. = 4(x”) + 4(6x) — 4(1) 

= 4x? + 24x — 4 


= Example 6 Simplify. A. —-36 +x) B. —(2x —4) 
[ G. (2y = 6)2 D:2Gx 477i — Z) 


| Solution A. —3(5 + x) 


= oO) (Co)e > Use the Distributive Property. 
ge ID a OX > Multiply. 

B, —@Qx 34) 
= —1(2x — 4) > Just as —x = —Ix, 


Or = 4)= =1(2y —*4), 

—1(2x) — (—1)(4) > Use the Distributive Property. 

Dye a4 > Note: When a negative sign imme- 
diately precedes the parentheses, 
remove the parentheses and change 
the sign of each term inside the 


| 
| 
| 


parentheses. 
Gi a6)2 
= (2y)(2) — (6)(2) > Use the Distributive Property 
=A (b + cla = ba + ca. 


Dy 5(3x +E °7-—*2) 
= 5(3x) + 5(7y) — 5(z) > Use the Distributive Property. 
=D OY ae Oz 





) Problem 6 Simplify. A. 7(4 + 2y) Bs (=(Gxieel2) 
: C. Ga-15 D. —3(6a? — 8a + 9) 


L Solution See page S3. 


ie 
Simplify general variable expressions Cy 


When simplifying variable expressions, use the Distributive Property to remove 
parentheses and brackets used as grouping symbols. 


™ Example 7 Simplify: 4(x — y) — 2(—3x + 6y) 


| Solution 4(x — y) — 2(-—3x + 6y) 
: = 4x — 4y + 6x—12y > Use the Distributive Property to re- 
move parentheses. 

= 10% sadey > Combine like terms. 





Problem 7 


Solution 


Example 8 


Solution 


Problem 8 





CONCEPT REVIEW 2.2 
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oimplify?7(% = 2y)yEI3G=x =i 2y) 
See page S3. 


Simplify: 20 3120/30 4-7) 


20 eo) 
= 2x — 3[2x — 3x — 21] > Use the Distributive Property to re- 
move the inner grouping symbols. 


ee ed > Combine like terms inside the group- 
ing symbols. 

=n OnE OO > Use the Distributive Property to re- 
move the brackets. 

= 5x + 63 > Combine like terms. 


Simplify: 3y — 2[x — 4(2 — 3y)] 


Solution See page S3. 


SD aii 


ee 
a 


Determine whether the statement is always true, sometimes true, or never true. 


i 


The Associative Property of Addition states that two terms can be added in 


either order and the sum will be the same. 


When three numbers are multiplied, the numbers can be grouped in any order 


and the product will be the same. 


The Multiplication Property of One states that multiplying a number by one 


does not change the number. 


The sum of a number and its additive inverse is zero. 
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5. The product of a number and its multiplicative inverse is one. 


6. The terms x and x’ are like terms because both have a coefficient of 1. 


7. 3(x + 4) = 3x + 4 is an example of the correct application of the Distribu- 


tive Property. 


8. To add like terms, add the coefficients; the variable part remains unchanged. 


EXERCISES 2.2 


El Use the given property to complete the statement. 


1. The Commutative Property of Multiplication 
Dems! 


3. The Associative Property of Multiplication 
(4-°5)-6=4-+(?- 6) 


5. The Distributive Property 
24 o)ee= BE? 


7. The Inverse Property of Addition 


8+2?=0 


9. The Multiplication Property of One 
?enl=e 4 


Identify the property that justifies the statement. 
Us Ae 0 
13.7 235 Mo 1931323 
15. 2+(6+14)=(2+ 6)+ 14 
Wate toi 38 


19. 4-3)-5=4-@G-5) 


Simplify. 
DES NOV OX Zo eX ON 
25 4y— Oy 26. 8y — by 
295 Waa Aa 30.> —Sad + 120 
53 sly acy 34, —dxy + 3xy 


10. 


12. 


14. 


16. 


18. 


20. 


aes 


27s 


31. 


35: 


The Commutative Property of Addition 
Oem 


The Associative Property of Addition 
4+ 5)+6=7+ 6+ 6) 


The Addition Property of Zero 
2+O=-7 


The Inverse Property of Multiplication 


= (-5) =? 


The Multiplication Property of Zero 
1220) 


ole 
— 210 — 2 


(—3 + 9)8 = —24 + 72 


—32(0) = 0 

=L) —— 
9a — Aa 24. 12a — 3a 
—3b — 7 2Bvhod2yirs 
5ab — 7ab 32. 9ab — 3ab 


—3ab + 3ab 36. —7Zab + 7ab 


87, 5x — 5X 38. 
Al. 6x tSxee on 42. 
45. —5x2 — 12x? + 3x° 
48. 8y — 10x + 8x 
51. 3a—7b-5at+b 
SAO Lk 7 Yt 2Y 
Simplify. 
57. 4(3x) 58. 
61. —2(-3y) 62. 
65. (3a)(—2) 66. 
69. —5(3x’) 70: 
73. = (8x) 74. 
77. 12x(5) 78. 
gi. (14x) 82. 
85. —2 (24a”) 86. 
89. (33y)(4| 90. 
4 Simplify. 
93. —(x + 2) 94. 
97. —2(a + 7) 98. 
101. (5 — 3b)7 102. 
105. 3(5x* + 2x) 106. 
109. (—3x — 6)5 110. 
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ee ee 9 
By Oe 39. 
BX Oe + 7x 43. 
46. —y — 8y> + 7y 


49, 7x — 3y + 10x 


52. 


Sioa 5 
oo 
5a — 3a + 5a 


—5b + 7a — 7b 4+ 12a 


55. x2 — 7x — 5x? + 5x 


12(5x) 
—5(—6y) 
(7a)(—4) 
~8(7%’) 

— 3 (4a) 
(—6y)( -2| 
—2 (10x) 
= (—16y) 


ef 


—(x°4+ 7) 

—5(a + 16) 
(10 —"70)2 
G(3x 2x) 


(—2x + 7)7 


59. 


63. 


67. 


ale 


Ths 


79: 


83. 


87. 


91. 


95. 


oo: 


103. 


107. 


111. 


—3(7a) 

(4x)2 

(=30) (4) 

‘ (3x*) 
See! 
(—10m|-4) 
== (16x) 

= (—8y) 


(—10%){2] 


2(4x — 3) 

—3(2y — 8) 
—3(3 — 5x) 
=2(=¥)?) 


2(—3x? — 14) 


47. 


50. 


53. 


56. 


2 4 
40. wk = au, 


44. 10a—17a+ 3a 


TX" OXte OU 
8y + 8x — 8y 
3x Cure lOeaex 


3x2 + 5x — 10x* — 10x 


60. —2(52) 
64. (6x)12 
68. (—12b)(—9) 
72. = (5a) 
rs. (2[5 
80. = (9x) 


84. - (1202) 


88. ciey)( 3) 


92. (—80){ -3) 


96. 5(2x — 7) 
100. —5(3y — 7) 
104. —5(7 — 10x) 
108. —5(—2x + 7) 


112. 5(—6x? — 3) 
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113. —3(2y? — 7) 
116. 3(x? + 2x — 6) 
119. —3(y? — 3y — 7) 
122. —5( = 24? 3-17) 
125 Qa 47) 

Bi Simplify. 
128. 4x — 26x + 8) 
BO iy 3) 
134, 3(x + 2) = 5(x — 7) 
137. 6(2y — 7) — 3(3 — 2y) 
140. 4[x — 2(x — 3)] 
143. —5[2x + 36 — x)] 
146. 2x — 3x — 2(4 — x)] 
149. 4a — 2[2b — (b — 2a)] + 3b 


APPLYING CONCEPTS 2.2 





Simplify. 


152. 


CC 


Complete. 


114. 


117. 


120. 


$8(ye 1412) 
A(x? — 3x + 5) 
2(—a? — 2a + 3) 


(123. —3(—4x? + 3x — 4) 


126. 


129. 


132. 


135. 


138. 


141. 


144. 


147. 


153. 


155. Anumber that has no reciprocal is 


156. A number that is its own reciprocal is 


157. The additive inverse of a — bis 


—(3a? + 5a — 4) 
6a. —"ba-> 7) 
oi {7 2h) 


2(x — 4) — A(x + 2) 

3(a — b) — 4(a + b) 

2x + Ax + 7)] 

—3[2x - (x + 7)] 

—7x + 3[x — 7(3 — 2x)] 


2x 3 — 2y) + 5Gx — 7y) 


5(3x ye (6x ay) 








115. 
118. 
11 
124. 


127. 


130. 
133. 
136. 


139. 


145. 


148. 

en 

151. By — 2(y — 3x) + 207x — y) 
” 


4 


154. 


—(6a? — 7b’) 
2 = ype 
4(—3a? — 5a + 7) 
3(20* - Xaje By) 


—(8b* — 6b + 9) 


9 — 3(4y + 6) 

8 — (12 + 4y) 

12(y — 2) + 3(7 — 3y) 
2(a + 2b) — (a — 3b) 
—2/3x +.2(4 = x)] 
—2[3% (5. — 2) 


=5x — 2[2x — 4(x +7) 1 = 6 


—<[2x + 2y - 6y)] 
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158. Determine whether the statement is true or false. If the statement is false, 
give an example that illustrates that it is false. 


a. Division is a commutative operation. 


b. Division is an associative operation. 


c. Subtraction is an associative operation. 


d. Subtraction is a commutative operation. 


e. Addition is a commutative operation. 


159. Define an operation & asa & b = (a: b) — (a + Db). 
“For example, 7 @ 5 = (7: 5) — (7 + 5) = 35 — 12 = 23. 


a. Is ® a commutative operation? Support your answer. 


b. Is © an associative operation? Support your answer. 


160. Give examples of two operations that occur in everyday experience that 
are not commutative (for example, putting on socks and then shoes). 


161. ¥ In your own words, explain the Distributive Property. 





SE Gr Ton 2:3 


POINT OF INTEREST 
The way in which 


expressions are symbolized 


Translating Verbal Expressions 
into Variable Expressions 


Translate a verbal expression into a (3) 
variable expression given the variable 


One of the major skills required in applied mathematics is the ability to translate 
a verbal expression into a variable expression. This requires recognizing the ver- 
bal phrases that translate into mathematical operations. Here is a partial list of the 
phrases used to indicate the different mathematical operations. 


has changed over time. Here Addition added to 6 added to y y +6 
are some expressions as they more than 8 more than x x +8 
ye anpene tie ihe the sum of the sum of x and z eZ 
early 16th century. : 

Rp.9 for x + 9. The increased by t increased by 9 pe 9 
symbol R was used for a the total of the total of 5 and y 5 rcp 
variable to the first power. pe 
The symbol p. was used for plus b plus 17 3 
plus. 

Rm. a x a 8 : Subtraction minus x minus 2 Liaw 
symbol R is still used for the ‘’ 
variable. The symbol m, is less than 7 less than ¢ mi 
used for minus. : less 7 less t 7—t 

The square of a variable d—5 
was designated by Q and the subtracted from 5 subtracted from d 
cube was designated by C. decreased by m decreased by 3 i= 3 

; Bai 
The expression xo + xP was - the difference the difference 
er eEt between between y and 4 yA 
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Multiplication 


Division 


Power 


Translating a phrase that contains the 
word sum, difference, product, or quo- 
tient can sometimes cause a problem. 
In the examples at the right, note 
where the operation symbol is placed. 


Example 1 
r Pp 


Solution 








fs Solution 


Problem 1 


times 10 times ft 10¢ 
1 
of one half of x 5X 
the product of the product of y and z YZ 
multiplied by y multiplied by 11 lly 
twice twice 1 2n 
divided by x divided by 12 . 
the quotient of the quotient of y and z 2 
the ratio of the ratio of f to 9 ; 
the square of the square of x 2 
the cube of the cube of a a 
= ae 
the sum of x and y Koay 
11a as = 
the difference between xandy x-—y 
tn; es 
the product of x and y Doel 
Pe a ok a é 
the quotient of x and y ; 


Translate into a variable expression. 

A. the total of five times b and c 

B. the quotient of eight less than n and fourteen 

C. ‘thirteen more than the sum of seven and the square of x 


> Identify words that indicate 

mathematical operations. 
DbaAG > Use the operations to write 
the variable expression. 


A. the total of five times b and c 


B. the quotient of eight less than >» Identify words that indicate 
n and fourteen mathematical operations. 


ee > Use the operations to write 
14 the variable expression. 





C. thirteen more than the sum of 
seven and the square of x 
(7 + x7) + 13 
Translate into a variable expression. 
A. eighteen less than the cube of x 
B. y decreased by the sum of z and nine 
C. the difference between the square of q and the sum of r and t 


See page S3. 


LOOK CLOSELY 


The expression n(6 + n°) 
must have parentheses. If 


we 


writen - 6 + n°, then by 


the Order of Operations 
Agreement, only the 6 is 


multiplied by n, but we want 
nto be multiplied by the tota/ 


of 6 and n°. 
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[8 
Translate a verbal expression into a (3) 
variable expression by assigning the 
variable 


In most applications that involve translating phrases into variable expressions, 
the variable to be used is not given. To translate these phrases, a variable must 
be assigned to an unknown quantity before the variable expression can be 
written. 


i 
L 
a 
i 
: 


Example 2 Translate “a number multiplied by the total of six and the cube 
of the number” into a variable expression. 


Solution the unknown number: 1 > Assign a variable to one of the un- 
known quantities. 
the cube of the number: n° > Use the assigned variable to write 
the total of six and the an expression for any other 
cube of the number: 6 + n° = unknown quantity. 
n(6 + n°) > Use the assigned variable to write 


the variable expression. 


Problem 2 Translate “a number added to the product of five and the square 
of the number” into a variable expression. 


Solution See page S3. 


™ Example 3 Translate “the quotient of twice a number and the difference 
between the number and twenty” into a variable expression. 


Solution the unknown number: n 
twice the number: 2n 
the difference between the number and twenty: n — 20 


2n 
el) 





SSO CERES SO 





Problem 3_ Translate “the product of three and the sum of seven and twice a 
number” into a variable expression. 


Solution See page S3. 


ae a 
Translate a verbal expression into a C3 
variable expression and then simplify 
the resulting expression 


After translating a verbal expression into a variable expression, simplify the vari- 
able expression by using the Properties of the Real Numbers. 
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~ Example 4_ Translate and simplify “the total of four times an unknown num- 

| ber and twice the difference between the number and eight.” 

! Solution the unknown number: 1 > Assign a variable to 

one of the unknown 

| quantities. 

four times the unknown number: 4n > Use the assigned vari- 

| twice the difference between the able to write an ex- 

| number and eight: 2(n — 8) pression for any other 

5 unknown quantity. 

| 4n + 24 — 8) > Use the assigned vari- 

; able to write the vari- 

i able expression. 

| =4y + 2n — 16 > Simplify the variable 

’ = 6n — 16 expression. 

_ Problem4 _ Translate and simplify “a number minus the difference between 

twice the number and seventeen.” 

L Solution See page S3. 

“ Example 5 Translate and simplify “the difference between five-eighths of a 

number and two-thirds of the same number.” 

Solution the unknown number: n > Assign a variable to one of the 

. unknown quantities. 

‘ ; ? 5 

i five-eighths of the number: git » Use the assigned variable to 

. > write an expression for any 

two-thirds of the number: 3M other unknown quantity. 

| 5 2 

( git 3” > Use the assigned variable to 

| i “i write the variable expression. 

| = 24” mryiL > Simplify the variable expression. 

nate 

_ Problem5_ Translate and simplify “the sum of three-fourths of a number 

and one-fifth of the same number.” 

i 

= Solution See page S4. 

Sey [a] 

ZH Translate application problems (}) 


Many of the applications of mathematics require that you identify an unknown 
quantity, assign a variable to that quantity, and then attempt to express another 
unknown quantity in terms of that variable. 


Suppose we know that the sum of two 
numbers is 10 and that one of the two one number: 4 
numbers is 4. We can find the other num- other number: 10 — 4 = 6 


ber by subtracting 4 from 10. 


The two numbers are 4 and 6. 





‘LOOK CLOSELY 


Any variable can be used. For | 
example, if the width is y, 
then the length is y + 20. 





~ LOOK CLOSELY 


It is also correct to assign the 
_ variable to the amount in the 
_ money market fund. Then the 
amount in the mutual fund is 










9000 — x. 
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Now suppose we know that the sum of two numbers is 10, we don’t know either 
number, and we want to express both numbers in terms of the same variable. 


Let one number be x. Again, we can find 
the other number by subtracting x from 


10. 


Note that the sum of x and 10 — x is 10. 


Example 6 


Solution 


Problem 6 





L Solution 


Example 7 


Solution 


Problem 7 


Solution 


one number: x 
other number: 10 — x 
The two numbers are x and 10 — x. 


o eran a NO ieeotege een wes ll OY em a par oi) 


The length of a swimming pool is 20 ft longer than the width. 
Express the length of the pool in terms of the width. 


the width of the pool: W __> Assign a variable to the width of the 


pool. 
the length is 20 more than > Express the length of the pool in 
the width: W-+ 20 terms of W. 


An older computer takes twice as long to process a set of data 
as does a newer model. Express the amount of time it takes the 
older computer to process the data in terms of the amount of 
time it takes the newer model. 


See page S4. 
An investor divided $5000 between two accounts, one a mutual 


fund and the other a money market fund. Use one variable to 
express the amounts invested in each account. 


the amount invested in the 
mutual fund: x 


the amount invested in the 
money market fund: 5000 — x 


> Assign a variable to the amount 
invested in one account. 


> Express the amount invested in 
the other account in terms of x. 


A guitar string 6 ft long was cut into two pieces. Use one variable 
to express the lengths of the two pieces. 


See page S4. 


Bias 


——_————————EEEE 
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CONCEPT REVIEW 2.3 


Determine whether the statement is always true, sometimes true, or never true. 


1. 


Zz 


“Five less than n” can be translated as “5 — n.” 
A variable expression contains an equals sign. 


If the sum of two numbers is 12 and one of the two numbers is x, then the 
other number can be expressed as x — 12. 


The words total and times both indicate multiplication. 
The words quotient and ratio both indicate division. 
The expressions 7y — 8 and (7y) — 8 are equivalent. 


The phrase “five times the sum of x and y” and the phrase “the sum of five 
times x and y” yield the same variable expression. 


EXERCISES 2.3 


© Translate into a variable expression. 


a 


11. 


13. 


15. 


17. 


19. 


d less than nineteen 2. the sum of six and c 

r decreased by twelve 4. w increased by fifty-five 

a multiplied by twenty-eight 6. y added to sixteen 

five times the difference between n and seven 8. thirty less than the square of b 

y less the product of three and y 10. the sum of four-fifths of m and eighteen 

the product of negative six and b 12. nine increased by the quotient of t and five 
four divided by the difference between p and six 14. the product of seven and the total of r and eight 
the quotient of nine less than x and twice x 16. the product of a and the sum of a and thirteen 
twenty-one less than the product of s and neg- 18. fourteen more than one-half of the square of z 
ative four 

the ratio of eight more than d to d 20. the total of nine times the cube of m and the 


square of m 


21. 


23. 


25. 
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three-eighths of the sum of ¢ and fifteen 


w increased by the quotient of seven and w 


d increased by the difference between sixteen 
times d and three 


Translate into a variable expression. 


Pal 


29. 


SL. 


Do: 


35. 


37. 


39. 


41. 


43. 


45. 


47. 


49, 


a number divided by nineteen 
forty more than a number 


the square of the difference between a number 
and ninety 


the sum of four-ninths of a number and twenty 


the product of a number and ten more than the 
number 


fourteen added to the product of seven and a 
number 


the quotient of twelve and the sum of a num- 
ber and two 


the ratio of two and the sum of a number and 
one 


the difference between sixty and the quotient 
of a number and fifty 


the sum of the square of a number and three 
times the number 


the sum of three more than a number and the 
cube of the number 


the square of a number decreased by one- 
fourth of the number 


22: 


24. 


26. 


28. 


30. 


325 


34. 


36. 


38. 


40. 


42. 


44, 


46. 


48. 


50. 


s decreased by the quotient of s and two 


the difference between the square of c and the 
total of c and fourteen 


the product of eight and the total of b and five 


thirteen less a number 
three-sevenths of a number 


the quotient of twice a number and five 


eight subtracted from the product of fifteen 
and a number 


six less than the total of a number and the cube 
of the number 


the quotient of three and the total of four and a 
number 


eleven plus one-half of a number 


a number multiplied by the difference between 
twice the number and nine 


the product of nine less than a number and the 
number 


the quotient of seven more than twice a number 
and the number 


a number decreased by the difference between 
the cube of the number and ten 


four less than seven times the square of a 
number 


74. 


51. 
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twice a number decreased by the quotient of 
seven and the number 


the cube of a number decreased by the product 
of twelve and the number 


52. 


54. 


eighty decreased by the product of thirteen and 
a number 


the quotient of five and the sum of a number 
and nineteen 


Translate into a variable expression. Then simplify the expression. 


5D. 


57. 


59. 


61. 


63. 


65. 


67. 


69. 


71. 


73. 


Toe 


a number increased by the total of the number 
and ten 


a number decreased by the difference between 
nine and the number 


the difference between one-fifth of a number 
and three-eighths of the number 


four more than the total of a number and nine 


twice the sum of three times a number and 


forty 


seven times the product of five and a number 


the total of seventeen times a number and 
twice the number 


a number plus the product of the number and 
twelve 


three times the sum of the square of a number 
and four 


three-fourths of the sum of sixteen times a 
number and four 


sixteen decreased by the sum of a number and 
nine 


56. 


58. 


60. 


62. 


64. 


66. 


68. 


70. 


Tene 


74. 


76. 


a number added to the product of five and the 
number 


eight more than the sum of a number and 
eleven 


a number minus the sum of the number and 
fourteen 


the sum of one-eighth of a number and one- 
twelfth of the number 


the sum of a number divided by two and the 


number 


sixteen multiplied by one-fourth of a number 


the difference between nine times a number 
and twice the number 


nineteen more than the difference between a 
number and five 


a number subtracted from the product of the 
number and seven 


the difference between fourteen times a num- 
ber and the product of the number and seven 


eleven subtracted from the difference between 
eight and a number 


Ts 


1 
81. 


83. 


85. 


87. 


89. 


91. 


Write 


93; 


94. 


95. 


97. 
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five more than the quotient of four times a 
number and two 


six times the total of a number and eight 
seven minus the sum of a number and two 


one-third of the sum of a number and six times 
the number 


the total of eight increased by the cube of a 
number and twice the cube of the number 


twelve more than a number added to the dif- 
ference between the number and six 


the sum of a number and nine added to the 
difference between the number and twenty 


fourteen plus the product of three less than a 
number and ten 


a variable expression. 


78. 


80. 


82. 


84. 


86. 


88. 


90. 


OD: 


twenty minus the sum of four-ninths of a num- 
ber and three 


four times the sum of a number and twenty 
three less than the sum of a number and ten 


twice the quotient of four times a number and 
eight 


the sum of five more than the square of a 
number and twice the square of the number 


a number plus four added to the difference 
between three and twice the number 


seven increased by a number added to twice 
the difference between the number and two 


a number plus the product of the number 
minus five and seven 


PR The Economy The per capita income in New Jersey in 1997 was 
» $7506 more than the per capita income in the United States in that 
year. Express the per capita income in New Jersey in 1997 in terms of the per 


capita income in the United States. 


¢ Literacy According to USA Today, annual spending per person for 
» books is $40 more in Norway than it is in the United States. Express 
the annual spending per person for books in Norway in terms of the annual 


spending per person for books in the United States. 


Sports In football, the number of points awarded for a touchdown is three 
times the number of points awarded for a safety. Express the number of 
points awarded for a touchdown in terms of the number of points awarded 


for a safety. 


Sports The diameter of a basketball is approximately four times the diam- 
eter of a baseball. Express the diameter of a basketball in terms of the diam- 


eter of a baseball. 


Business According to the Wall Street Journal, in a recent year, retail 
sales in Boston were one-half the retail sales in Los Angeles. Express 


the retail sales in Boston in terms of the retail sales in Los Angeles. 
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o9: 


100. 


101. 


102. 


103. 


104. 


105. 


106. 


107. 


108. 


109. 
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¢ The IRS According to the IRS, it should take about one-fourth as 
- much time to prepare Schedule A as to prepare Form 1040. Express the 
time it should take to prepare Schedule A in terms of the time it should take 
to prepare Form 1040. 


@ Demographics The world population in the year 2050 is expected to 
» be twice the world population in 1990. Express the world population 
in 2050 in terms of the world population in 1990. 


Geometry The length of a rectangle is 5 m more than twice the width. 
Express the length of the rectangle in terms of the width. 


Geometry Ina triangle, the measure of the smallest angle is three degrees 
less than one-half the measure of the largest angle. Express the measure of 
the smallest angle in terms of the measure of the largest angle. 


Consumerism The cost of renting a car for a day is $39.95 plus 15¢ per mile 
driven. Express the cost of a one-day rental in terms of the number of miles 
driven. Use decimals for constants and coefficients. 


@ The Postal Service In1999, first-class mail cost 33¢ for the first ounce 
~ and 22¢ for each additional ounce. Express the cost of mailing a pack- 
age first class in terms of the weight of the package. Use decimals for con- 
stants and coefficients. 


Sports A halyard 12 ft long was cut into two pieces. Use one variable to 
express the lengths of the two pieces. 


Coins A coin purse contains thirty-five coins in nickels and dimes. Use 
one variable to express the number of nickels and the number of dimes in 
the coin purse. 


Commodities Twenty gallons of oil were poured into two containers of 
different sizes. Use one variable to express the amount of oil poured into 
each container. 


Travel Two cars are traveling in opposite directions and at different rates. 
Two hours later the cars are 200 mi apart. Express the distance traveled 
by the faster car in terms of the distance traveled by the slower car. 


Wages Anemployee is paid $640 per week plus $24 for each hour of over- 
time worked. Express the employee’s weekly pay in terms of the number of 
hours of overtime worked. 


Billing An auto repair bill is $92 for parts and $25 for each hour of labor. 
Express the amount of the repair bill in terms of the number of hours of 
labor. 








Chapter 2 / Focus on Problem Solving aE 


APPLYING CONCEPTS 2.3 





110. Chemistry The chemical formula for glucose (sugar) is C,H,,O,. This for- 
mula means that there are twelve hydrogen atoms, six carbon atoms, and 
six oxygen atoms in each molecule of glucose. If x represents the number of 


atoms of oxygen in a pound of sugar, express the number of hydrogen 
atoms in the pound of sugar in terms of x. 


111. Metalwork A wire whose length is given as x inches is bent into a square. 
Express the length of a side of the square in terms of x. 


/_ 
-—$ $$$ 5» ——____________»| 
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112. Pulleys A block-and-tackle system is designed so that pulling one end of 
a rope five feet will move a weight on the other end a distance of three feet. 
If x represents the distance the rope is pulled, express the distance the 
weight moves in terms of x. 


113. ¥ Translate the expressions 5x + 8 and 5(x + 8) into phrases. 
114. Y In your own words, explain how variables are used. 


115. Explain the similarities and the differences between the expressions 
“the difference between x and 5” and “5 less than x.” 





ocus on Problem Solving 


H-C-—OH 
HO-C-H 
H-C-oH 
H-C—OH 
CH,OH 








From Concrete to Abstract 


In your study of algebra, you will find that the problems are less concrete than 
those you studied in arithmetic. Problems that are concrete provide information 
pertaining to a specific instance. Algebra is more abstract. Abstract problems are 
theoretical; they are stated without reference to a specific instance. Let’s look at an 


example of an abstract problem. 


How many minutes are there in h hours? 


A strategy that can be used to solve this problem is to solve the same problem after 


substituting a number for the variable. 


How many minutes are there in 5 hours? 


You know that there are 60 minutes in 1 hour. To find the number of minutes in 


5 hours, multiply 5 by 60. 


60 - 5 = 300 There are 300 minutes in 5 hours. 
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Use the same procedure to find the number of minutes in h hours: multiply h 
by 60. 


60 -h = 60h There are 60h minutes in h hours. 
This problem might be taken a step further: 
If you walk one mile in x minutes, how far can you walk in h hours? 
Consider the same problem using numbers in place of the variables. 
If you walk one mile in 20 minutes, how far can you walk in 3 hours? 


To solve this problem, you need to calculate the number of minutes in 3 hours 
(multiply 3 by 60), and divide the result by the number of minutes it takes to walk 
one mile (20 minutes). 


60:3 180 If you walk one mile in 20 minutes, you can 


Pi TO0e ae walk 9 miles in 3 hours. 


Use the same procedure to solve the related abstract problem. Calculate the num- 
ber of minutes in 1 hours (multiply h by 60), and divide the result by the number 
of minutes it takes to walk one mile (x minutes). 

If you walk one mile in x minutes, you can walk 


60-h 60h ; f 
py 60h miles in h hours. 
XG x iG 





At the heart of the study of algebra is the use of variables. It is the variables in the 
problems above that make them abstract. But it is variables that allow us to gen- 
eralize situations and state rules about mathematics. 


Try each of the following problems. 


1. How many hours are there in d days? 
2. You earn d dollars an hour. What are your wages for working h hours? 


3. Ifp is the price of one share of stock, how many shares can you purchase with 
d dollars? 


4. A company pays a television station d dollars to air a commercial lasting 
s seconds. What is the cost per second? 


5. After every v video tape rentals, you are entitled to one free rental. You have 
rented ¢ tapes, where t < v. How many more do you need to rent before you 
are entitled to a free rental? 


6. Your car gets g miles per gallon. How many gallons of gasoline does your car 
consume traveling t miles? 


7. If you drink j ounces of juice each day, how many days will q quarts of the 
juice last? 


8. ATV station has m minutes of commercials each hour. How many ads last- 
ing s seconds each can be sold for each hour of programming? 


9. A factory worker can assemble p products in m minutes. How many products 
can the factory worker assemble in h hours? 


10. If one candy bar costs n nickels, how many candy bars can be purchased with 
q quarters? 
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rojects and Group Activities 





Investigation into Operations with Even and Odd Integers 


Complete each statement with the word even or odd. 





























1. Ifkis an odd integer, then k + 1 is an integer. 
2. Ifkis an odd integer, then k — 2 is an integer. 
3. Ifn is an integer, then 2n is an integer. 
4. If mand are even integers, then m — n is an integer. 
5. Ifm and n are even integers, then mn is an integer. 
6. Ifm and n are odd integers, then m + n is an integer. 
7. Ifmand n are odd integers, then m — n is an integer. 
8. Ifm and n are odd integers, then mn is an integer. 
9. If m is an even integer and n is an odd integer, then m — n is an 
integer. 
10. If m is an even integer and n is an odd integer, then m + n is an 





integer. 


Applications of Patterns in Mathematics 


For the circle shown at the left, use a straight line to connect each dot on the circle 
with every other dot on the circle. How many different straight lines are there? 


Follow the same procedure for each of the circles shown below. How many dif- 
ferent straight lines are there in each? 


1. Find a pattern to describe the number of dots on a circle and the corresponding 
number of different lines drawn. 


2. Use the pattern from Exercise 1 to determine the number of different lines that 
would be drawn in a circle with 7 dots and in a circle with 8 dots. 


3. You are arranging a tennis tournament with nine players. How many singles 
matches will be played among the nine players if each player plays each of the 
other players once? 
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Now consider triangular numbers, which were studied by ancient Greek mathe- 
maticians. The numbers 1, 3, 6, 10, 15, 21 are the first six triangular numbers. Note 
in the following diagram that a triangle can be formed using the number of dots 


that correspond to a triangular number. 


® ee 
@ ee eee 
ee eee e@eee 
eee @eee eeee0e@ 
@eeee@ e@eee0e e@eee0e0 
10 15 21 


Observe that the number of dots in a row is one more than the number in the row 
above. The total number of dots can be found by addition. 


1=1 
1+2+3=6 


d ais) bas 15 


1+2=3 
be? 3 A 0 
Wer? 433°4°4 +5620 


4. Use this pattern to find the seventh triangular number and the eighth triangular 
number. Check your answers by drawing the corresponding triangles of dots. 


5. Discuss the relationship between triangular numbers and the pattern describ- 
ing the correspondence between the number of dots on a circle and the num- 
ber of different lines drawn (see Exercise 1). 


6. Suppose you are in charge of scheduling softball games for a league. There are 
10 teams in the league. Use the pattern of triangular numbers to determine the 
number of games that must be scheduled. 
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Key Words 


A variable is a letter that is used to stand for a quantity that is 
unknown or that can change. A variable expression is an expres- 
sion that contains one or more variables. (Objective 2.1.1) 


The terms of a variable expression are the addends of the expres- 
sion. Each term is a variable term or a constant term. 
(Objective 2.1.1) 


A variable term is composed of a numerical coefficient and a vari- 
able part. (Objective 2.1.1) 


Replacing the variables in a variable expression with numbers 
and then simplifying the numerical expression is called evalu- 
ating the variable expression. (Objective 2.1.1) 


Like terms of a variable expression are the terms with the same 
variable part. (Objective 2.2.2) 


The additive inverse of a number is the opposite of the number. 
(Objective 2.2.1) 


The multiplicative inverse of a number is the reciprocal of the 
number. (Objective 2.2.1) 


5x — 4y + 7z is a variable expression. It 
contains the variables x, y, and z. 


The expression 4a* — 6b° + 7 has three 
terms: 4a?, —6b°, and 7. 4a? and —6b° are 
variable terms. 7 is a constant term. 


For the expression 8p*r, 8 is the coefficient 
and p’*r is the variable part. 


To evaluate a* — 2b whena = —3 
and b = —5, simplify the expression 
(-3)* — 2(—5). 


For the expression 2st —,3t + 9s — 11st, 
the terms 2st and —11st are like terms. 


The additive inverse of 8 is —8. 
The additive inverse of —15 is 15. 


The multiplicative inverse of = is =. 


Essential Rules and Procedures 


The Commutative Property of Addition 
If a and b are real numbers, thena + b=b +a. 
(Objective 2.2.1) 


The Commutative Property of Multiplication 
If a and b are real numbers, then ab = ba. (Objective 2.2.1) 


The Associative Property of Addition 
If a, b, and c are real numbers, then (a + b) +c =a+ (b+). 
(Objective 2.2.1) 


The Associative Property of Multiplication 
If a, b, and c are real numbers, then (ab)c = a(bc). 
(Objective 2.2.1) 


The Addition Property of Zero 
If ais a real number, thena + 0=0+a=a. (Objective 2.2.1) 


The Multiplication Property of Zero 
If ais a real number, thena:0=0-:a=0. (Objective 2.2.1) 


The Multiplication Property of One 
If a is a real number, then 1 -a=a-:1=a. (Objective 2.2.1) 


The Inverse Property of Addition 
If a is a real number, then a + (—a) = (—a) +a =0. 
(Objective 2.2.1) 


The Inverse Property of Multiplication 


1 
If ais areal number and a # 0, thena - pga = ir 
(Objective 2.2.1) 


The Distributive Property 
If a, b, and c are real numbers, then a(b + c) = ab + ac. 
(Objective 2.2.1) 
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5=+2=7 and 2+5=7 


6(-3) = -18 and —-—3(6) = —-18 


-1+(4+7)=-1+11=10 
(-1+4)+7=3+7=10 


(-2-5):3=-10:3 = —30 
~2-(5-3)=—-2-15 = -30 


Ii O= 9 0+ 9=9 


-8(0)=0 0(-8)=0 


4+(-4)=0 -4+4=0 


5286) =) 728-OS 
=10+15 
= 25 


_ Chapter Review Exercises 





ieeeoinplitye—7y— + oy — (—2y") 2: 
3. Simplify: : (—15a) 4, 
5. Simplify: 5(2x + 4) — 3(x — 6) 6. 
7. Complete the statement by using the Inverse 8. 
Property of Addition. 
So ate 


9) Simplity.—2(—3y + 9) 10. 


Simplify: 12x} 
Simplify: —2(2x — 4) 
Evaluate a? — 3b when a = 2 and b = —4. 


Simplify: —4(—9y) 


Simplify: 3[2x — 3(x — 2y)] + 3y 
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11. 


13. 


15. 


17. 


a9: 


21. 


aS: 


25; 


27s 


29. 


31. 


33. 


35. 


37. 


39. 


41, 


43. 


44, 


45. 


46. 
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Simplify: —4(2x* — 3y’) 
Evaluate b* — 3ab when a = 3 and b = —2. 
Simplify: 5(3 — 7b) 


Identify the property that justifies the statement. 
—4(3) = 3(—4) 


Simplify: —2x* — (—3x?) + 4x? 
Simplify: —3(3y* — 3y — 7) 

—2ab 
Evaluate og When a = —4and b= 6, 


Simplify: 4(3x — 2) — 7(x + 5) 


Simplify: —3(2x* — 7y’) 


Simplify: 2x — 3(x — 2) 
Simplify: —5(2x” — 3x + 6) 
Simplify: 5 (122) 
simplify: 3x + (=12y) — 5x — (—7y) 
Complete the statement by using the Distribu- 
tive Property. 
(6+ 3)7=42+? 
wee Bese 
Simplify: — 5 (16x’) 


Simplify: —(8a? — 3b?) 


12. 


14. 


16. 


18. 


20. 


ZZ. 


24. 


26. 


28. 


30. 


32. 


34, 


36. 


38. 


40. 


42. 


simplify3x'= Ox 7% 
Simplify: = (10x) 
Simplify: 27-F 3|4i=1(3x =27)] 


Simplify: 3(8 — 2x) 


Simplify. =34—2(24—17) 
Simplify: —2[x — 2(x — y)] + 5y 
Simplify: (—3)(—12y) 

Simplify: c16n (2) 


Evaluate 3(a — c) — 2ab when a = 2, b = 3, and 
c= 4, 


Simplify: 2a — (—3b) — 7a — 5b 
simplify: 3% — 74 — 12x 
Simplify: 2x + 3[x — 2(4 — 2x)] 
Simplify: (-3}(—360) 


Simplify: 4x* + 9x — 6x7 — 5x 


Simplify: —3[2x — (7x — 9)] 


Identify the property that justifies the statement. 
—32(0) =0 


Translate “b decreased by the product of seven and b” into a variable expres- 


sion. 


Translate “the sum of a number and twice the square of the number” into a 


variable expression. 


Translate “three less than the quotient of six and a number” into a variable 


expression. 


Translate “ten divided by the difference between y and two” into a variable 


expression. 


47. 


48. 


49. 


50. 


Valls 
133 
td. 


a7. 
18. 


19. 


20. 


Zi: 
ae 


23. 


Chapter 2 / Chapter Test 


Translate and simplify “eight times the quotient of twice a number and six- 
teen.” 


Translate and simplify “the product of four and the sum of two and five 
times a number.” 


One car was driven 15 mph faster than a second car. Express the speed of the 
first car in terms of the speed of the second car. 


A coffee merchant made 20 Ib of a blend of coffee using only mocha java 
beans and espresso beans. Use one variable to express the amounts of mocha 
java beans and espresso beans in the coffee blend. 





hapter Test 
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Simplify: (9y)4 
Simplify: 8n — (6 — 2n) 


Identify the property that justifies the statement. 
3 3 
gl) = 5 


Simplify: 7x “Oy =; OX OY 


Evaluate 3ab — (2a)? when a = —2 and 
C=—3: 


Simplify: —4(—x + 10) 


, pid se 7 : : 2 

Simplify: Sie Sige 8. Simplify: (-10%){ -2} 

Simplify: (—4y” + 8)6 10. Complete the statement by using the Inverse 
Property of Addition. 
= 19h 20) 

Evaluate = when a = —1 and b = 4. 12; “Simplify: SF) Ol apae) 


Simplify: 6b — 9b + 4b 
Simplify: 3(x? — 5x + 4) 


Simplify: 6x — 3(y — 7x) + 2(6x — y) 


14. 
16. 


Simplify: 13(6a) 


Evaluate 4(b — a) + bc when a = 2,b = —3, and 
c=4, 


Translate “the quotient of eight more than 1 and seventeen” into a variable 


expression. 


Translate “the difference between the sum of a and b and the square of b” into 


a variable expression. 


Translate “the sum of the square of a number and the product of the number 


and eleven” into a variable expression. 


Translate and simplify “twenty times the sum of a number and nine.” 


Translate and simplify “two more than a number added to the difference 


between the number and three.” 


Translate and simplify “a number minus the product of one-fourth and twice 


the number.” 
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24. 


25: 


11. 


13. 


ley 


17; 


19. 


21. 


23. 


25. 


Zi 


28. 


Zo: 


30. 
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The distance from Neptune to the Sun is thirty times the distance from Earth 
to the Sun. Express the distance from Neptune to the Sun in terms of the dis- 
tance from Earth to the Sun. 


A nine-foot board is cut into two pieces of different lengths. Use one variable 
to express the lengths of the two pieces. 





Cumulative Review Exercises 


Add: —4+ 7 + (—10) 2. Subtract: —16— (425) 4 

Multiply: (—2)(3)(—4) 4; Divide: (—60) 12 

Write 1; as a decimal. 6. Write 60% as a fraction and as a decimal. 
Use the roster method to write the set of nega- 8. Write = as a percent. 


tive integers greater than or equal to —4. 


Subtract: 2 = z = (-1| 10. Divide: 4 os 2) 

Multiply: (-2)(&\(-3) 12. Simplify: —3? - (-2} 

Simplify: —25 + (3 — 5 — (-3) 14. Simplify: (-3} = 2 . 4) 
Evaluate a — 3b? when a = 4 and b = —2. 16. Simplify: =2.* —(—32-) 4x 
Simplify: 8a — 12b — 9a 18. Simplify: 3 (9a) 

Simplify: (-3}(—328) 20. Simplify: 5(4 — 2x) 

Simplify: —3(—2y + 7) 22., Simplify; 23% — Ay) 
Simplify: —4(2y? — 5y — 8) 24... Simplify: —4x = 3x = 5) 
simplify: 3(4x — 1) — 7(x +,2) 26. Simplify: 3x + 2[x — 4(2 — x)] 


Simplify: 3[4x — 2(x — 4y)] + 5y 


Translate “the difference between six and the product of a number and 
twelve” into a variable expression. 


Translate and simplify “the total of five and the difference between a number 
and seven.” 


A turboprop plane can fly at one-half the speed of sound. Express the speed 
of the turboprop plane in terms of the speed of sound. 





It is the job of construction electricians 
to install heating, lighting, air condition- 
ing, controls, communications, and 
other types of electrical equipment. 
Electricians follow specifications such 
as blueprints to connect equipment to 
power sources and circuit breakers. In 
their work, they must apply various 
algebraic and scientific formulas. One 
equation in Ohm's Law is IR = V, 
where | is current, R is resistance, 

and V is voltage. For example, if 

| = 10 amps and R = 12 ohms, then 
V = 120 volts. 








Solving Equations 
and Inequalities 


3.1.1 


3.1.2 
3.1.3 
3.1.4 


o.2.1 
3.2.2 
3,2.3 
3.2.4 
3.3.1 


3.3.2 


3.3.3 


OBJECTIVES 

Determine whether a given number is a 
solution of an equation 

Solve equations of the form x + a = b 
Solve equations of the form ax = b 
Application problems: the basic percent 
equation 

Solve equations of the form ax + b =c 
Solve equations of the form ax + b=cx +d 
Solve equations containing parentheses 
Application problems 


Solve inequalities using the Addition Property 
of Inequalities 


Solve inequalities using the Multiplication 
Property of Inequalities 


Solve general inequalities 


85 





eS 





Mersenne Prim 





A prime number that can be written in the form 2” — 1, | 
where n is also prime, is called a Mersenne prime. The 
table at the right shows some Mersenne primes. 7 





Not every prime number: isa Meco prime. for example, 
5 is a prime number but not a Mersenne prime. Also, not all - 
numbers in the form 2” — 1, where n is prime, yield a prime 
“number. For example, a — 1 = 2047, which is not a pone 
number. 


_ The search for Mersenne primes has been quite extensive, 
especially since the advent of the computer. One reason o the 
_ extensive research into large prime numbers (not only — 

Mersenne primes) involves cryptology. 


Cryptology i is the study of making or breaking secret codes. 
- One method of making a code that is difficult to break is called 
public-key cryptology. For this method to work, it is necessary 
to use very large prime numbers. To keep anyone from 
breaking the code, each prime should have at least 200 digits. 


Today, the largest known Mersenne prime is 2°” — 1. 
This number has 2,098,960 digits in its representation. 


Another Mersenne prime got special recognition in a 
postage-meter stamp. It is the number 2” — 1. This number 
has 3276 digits in its representation. 
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SmeEVCen | .©O ON 3.1 


POINT OF INTEREST 


One of the most famous 
equations ever stated is 
E = mc’. This equation, 
stated by Albert Einstein, 
shows that there is a 
relationship between 
mass mand energy E. 


Introduction to Equations 


Determine whether a given number is a 


Section 3.1 / Introduction to Equations 


solution of an equation 


An equation expresses the equality of 
two mathematical expressions. The expres- 
sions can be either numerical or variable 
expressions. 


The equation at the right is true if the vari- 
able is replaced by 5. 


The equation x + 8 = 13 is false if the 
variable is replaced by 7. 
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9+3=12 

3x —-2= 10 : 
Wey Equations 
ue. 

Mi Onl) 

Det 6 =115 A true equation 
7+8=13 A false equation 


A solution of an equation is a number that, when substituted for the variable, 
results in a true equation. 5 is a solution of the equation x + 8 = 13. 7 is not a solu- 
tion of the equation x + 8 = 13. 


r 
i 
i 
i 


ASSESSES 


SoG 





Example 1 


Solution 


Problem 1 


Solution 


Example 2 


Solution 


Is —3 a solution of the equation 4x + 16 = x? — 5? 


4x+16=x%7-5 





4(—3) + 16 


2-16 


4=4 


Yes, —3 is a solution of the 
equation 4x + 16 = x — 5. 


> Replace the variable by the 
given number, —3. 

> Evaluate the numerical expres- 
sions using the Order of Opera- 
tions Agreement. 

> Compare the results. If the 
results are equal, the given num- 
ber is a solution. If the results are 
not equal, the given number is 
not a solution. 


Is : a solution of 5 — 4x = 8x + 2? 


See page S4. 


Is —4 a solution of 4 + 5x = x? — 2x? 


44+ 5x =x? -2x 
4 + 5(—4) | (-4)* — 2(-4) 





a 20) 16 (—8) 
—16 # 24 


No, —4 is not a solution of the 
equation4 + 5x = x — 2x. 


> Replace the variable by the 
given number, —4. 

> Evaluate the numerical expres- 
sions using the Order of Oper- 
ations Agreement. 


> Compare the results. If the re- 
sults are equal, the given num- 
ber is a solution. If the results 
are not equal, the given number 
is not a solution. 
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| Problem 2 Is5asolution of 10x — x? = 3x — 10? 
Solution See page S4. 


tee 
Solve equations of the form x + a= b 


To solve an equation means to find a solution of the equation. The simplest equa- 
tion to solve is an equation of the form variable = constant, because the constant 
is the solution. 


If x = 5, then 5 is the solution of the equation because 5 = 5 is a true equation. 


The solution of the equation shown Ra, (eta, 
at the right is 7. 

Note that if 4 is added to each side of x+24+4=94+4 

the equation, the solution is still 7. x+6=13 7+6=13 
If —5 is added to each side of the x+2+4+ (—5) =9+ (5) 

equation, the solution is still 7. x-3=4 7-3=4 


This illustrates the Addition Property of Equations. 


Addition Property of Equations 





The same number or variable term can be added to each side of an equation 
without changing the solution of the equation. 


This property is used in solving equations. x+2=9 
Note the effect of adding, to each side of x+2+ (-2) =9 + (-2) 
the equation x + 2 = 9, the opposite of Ka O07 
the constant term 2. After each side of the aa 


equation is simplified, the equation is in a 
the form variable = constant. The solu- One a) see 
tion is the constant. ae 

The solution is 7. 


In solving an equation, the goal is to rewrite the given equation in the form 
variable = constant. The Addition Property of Equations can be used to rewrite 
an equation in this form. The Addition Property of Equations is used to remove a 
term from one side of an equation by adding the opposite of that term to each 
side of the equation. 


™ Example 3 Solve and check: y — 6 = 9 


Solution y—-6=9 > The goal is to rewrite the equation in the form 
variable = constant. 
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y-—6+6=9+6 >» Add the opposite of the constant term —6 to 
each side of the equation (the Addition Prop- 
erty of Equations). 


yO. 15 > Simplify using the Inverse Property of 
Addition. 
== al > Simplify using the Addition Property of 


Zero. Now the equation is in the form 
variable = constant. 


Check y-—6=9 
1 peel as 


eae > This is a true equation. The solution checks. 


The solution is 15. > Write the solution. 


Problem 3 Solve and check: x — 5 = ay 


Solution See page S4. 


Because subtraction is defined in terms of addition, the Addition Property of 
Equations makes it possible to subtract the same number from each side of an 
equation without changing the solution of the equation. 


lea 

® Solve: yer ot 
: : : : eee 
The goal is to rewrite the equation in the form ier 


variable = constant. 


1 i eo 
Add the opposite of the constant term 5 to each | Comics etn ee 
side of the equation. This is equivalent to sub- ene Sa 
nfevel ' Sees 
tracting 5 from each side of the equation. ; - 
Yee ot 
eS Ree GS) 
The solution 7 checks. The solution is 7. @ 


Example 4 Solve: 5 =x + : 


: es 2 
Solution mutes 
eH fay tt 2 yp cubtract? f h side of the equati 
MOT enti a ubtract 5 from each side of the equation. 
i ‘ 
=o > Simplify each side of the equation. 


; ; 1 
The-solution is — 6 


Problem 4 Solve: -8 =5 +x 
Solution See page S4. 


90 Chapter 3 / Solving Equations and Inequalities 


Note from the solution to Example 4 that an equation can be rewritten in the form 
constant = variable. Whether the equation is written in the form variable = constant 
or in the form constant = variable, the solution is the constant. 


Solve equations of the form ax = b ca) | 
The solution of the equation shown at 6 EG 
the right is 3. 

Note that if each side of the equation is Bosse 

multiplied by 5, the solution is still 3. 10x = 30 109 :3i=30 


If each side is multiplied by —4, the (—4) - 2x = (-4) +6 
solution is still 3. ey == 94 H2 Gee o4 


This illustrates the Multiplication Property of Equations. 


Multiplication Property of Equations 
Each side of an equation can be multiplied by the same nonzero number 
without changing the solution of the equation. 





This property is used in solving equations. 2a 
Note the effect of multiplying each side of Wp ae 
the equation 2x = 6 by the reciprocal of 2 2 
the coefficient 2. After each side of the equa- i= 


tion is simplified, the equation is in the form 
variable = constant. The solution is the 


constant. : 
variable | = | constant 


The solution is 3. 


In solving an equation, the goal is to rewrite the given equation in the form 
variable = constant. The Multiplication Property of Equations can be used to 
rewrite an equation in this form. The Multiplication Property of Equations is used 
to remove a coefficient from a variable term in an equation by multiplying each 
side of the equation by the reciprocal of the coefficient. 


| 
i 


™ Example 5 Solve: - =-9 


3x 3 3 

Soluti oh es = =5 

| ution A 9 oa ae 

' aoe A 

. a a) > Multiply each side of the equation by the 
i reciprocal of the coefficient : (the Multipli- 
| cation Property of Equations). 

| Ix = -12 > Simplify using the Inverse Property of 


Multiplication. 
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Hae > Simplify using the Multiplication Property 
of One. Now the equation is in the form 
variable = constant. 


The solution is —12. > Write the solution. 


SoS 


Problem 5 Solve: = =16 


~ Solution See page S4. 


Because division is defined in terms of multiplication, the Multiplication Property 
of Equations makes it possible to divide each side of an equation by the same 
number without changing the solution of the equation. 


™ Solve: 8x = 16 


The goal is to rewrite the equation in the form oS. =116 
variable = constant. 
Multiply each side of the equation by the reci- a © 
5. 8 ; Rengats 8 8 

procal of 8. This is equivalent to dividing each 

; Kpaee 
side by 8. 
The solution 2 checks. The solution is 2. # 


When using the Multiplication Property of Equations to solve an equation, multi- 
ply each side of the equation by the reciprocal of the coefficient when the coeffi- 
cient is a fraction. Divide each side of the equation by the coefficient when the 
coefficient is an integer or a decimal. 


™ Example 6 Solve and check: 4x = 6 


Solution 4x =6 


f 

i 

i Axe 6 A : 3 

| aa > Divide each side of the equation by 4, the 
3 coefficient of x. 

fe > Simplify each side of the equation. 


( Check 4x =6 


: 6=6 > This is a true equation. The solution checks. 


j The solution is 5° 


Problem 6 Solve and check: 6x = 10 
= Solution See page S4. 


Before using one of the Properties of Equations, check to see whether one or both 
sides of the equation can be simplified. In Example 7, like terms appear on the left 
side of the equation. The first step in solving this equation is to combine the like 
terms so that there is only one variable term on the left side of the equation. 
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Example 7 Solve: 5x — 9x = 12 


Solution 5x — 9x = 12 
—4x =12 >» Combine like terms. 


=4x _ 12 > Divide each side of the equation by —4. 
—4 —4 
= 3 


The solution is —3. 


Problem 7 _ Solve: 4x — 8x = 16 





Solution See page S4. 


rs «2 


ZH Application problems: the basic percent (C3) 


equation 


The solution of a problem that involves a percent requires solving the basic per- 
cent equation. 


The Basic Percent Equation 





Amount 


I 


Percent - Base 
P ae B 


| 
aS 


To translate a problem involving a percent into an equation, remember that the 
word of translates into “multiply” and the word is translates into “=”. The base 
usually follows the word of. 


©» 20% of what number is 30? 


Given: P = 20% = 0.20 PB=A 
A = 30 (0.20)B = 30 
Unknown: Base 0.20B _ 30 
0.20 0.20 
B="150 
The number is 150. @ 
=) What percent of 40 is 30? 
Given: B = 40 PB=A 
A = 30 P(40) = 30 
Unknown: Percent 40P = 30 
40P _ 30 
40 40 
We must write the fraction as a percent in order P= . 
to answer the question. P = 759, 


30 is 75% of 40. « 
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® Find 25% of 200. 


Given: P = 25% = 0.25 
B = 200 
Unknown: Amount 


PB=A 
0.25(200) =A 
50:=A 


25% of 200 is 50. @ 


In most cases, we write a percent as a decimal before solving the basic percent equa- 
tion. However, some percents are more easily written as a fraction. For example, 


1 oO 
333 %o 


Example 8 


Solution 


Problem 8 


Solution 





Example 9 


Strategy 


Solution 


Problem 9 


Solution 


1 Dray gees 
Fag 665% = 7 


Coe 
165% =7 


ee ee 
833% == 


12 is 335% of what number? 


ex ee 
AGGah P25 a 
3B = 12 
Sapa 3 42 
B= 
B= 36 
The number is 36. 


27 is what percent of 60? 
See page S4. 


A Gateway 2000 computer is selling for $1500. If you have saved 
$840 toward the purchase, what percent of the price have you 
saved? 


To find the percent of the price, solve the basic percent equation 
using B = 1500 and A = 840. The percent is unknown. 


PBA 
P(1500) = 840 
1500P _ 840. 
1500 1500 
P= 0.56 
P = 56% 


You have saved 56% of the price. 


A student correctly answered 72 of the 80 questions on an exam. 
What percent of the questions were answered correctly? 


See page S4. 
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¢ Example 10 During the 1998 Major League Baseball season, the Toronto 
Blue Jays won 54.3% of the 162 games they played. How many 
games did Toronto win? 


Strategy To find the number of games won, solve the basic percent equa- 
tion using B = 162 and P = 54.3% = 0.543. The amount is 


unknown. 
Solution PB=A 
0.543(162) = A 
88 =A 


Toronto won 88 of their games during the 1998 baseball season. 


Problem 10 The price of your King Size Value Meal at Burger King was 
$5.18. There was a 5% meal tax added to the price. How much 
was the tax? 


Solution See page S5. 


STUDY TIPS 








CONCEPT REVIEW 3.1 


Determine whether the statement is always true, sometimes true, or never true. 


1. Both sides of an equation can be multiplied by the same number without 
changing the solution of the equation. 


2. Both sides of an equation can be divided by the same number without chang- 
ing the solution of the equation. 


3. For an equation of the form ax = b,a # 0, multiplying both sides of the 
equation by the reciprocal of a will result in an equation of the form 
x = constant. 


4. Use the Multiplication Property of Equations to remove a term from one side 
of an equation. 
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Adding a negative 3 to each side of an equation yields the same result as sub- 
tracting 3 from each side of the equation. 


In the basic percent equation, the amount follows the word of. 


EXERCISES 3.1 


: Y What is the difference between an equation and an expression? 


An equation contains an equals sign. 


: Y How can you determine whether a number is a solution of an equation? 


1 
2 
3. Is 4a solution of 
2x = 8? 
6. Is —2 asolution of 
3a — 4= 10? 
9. Is5a solution of 
2x + 5 = 3x? 
12. Is0a solution of 
4 — 3b = 4 — 5b? 
15. Is3a solution of 
Ze | = 4 + 37? 
18. Is —2a solution of 
m—-4=m+ 3? 
1 3 
21. Is mes solution of 
8t+1=-1? 
3 2 
24. Is no solution of 
8x = 112% + 3? 
27. 
28. 


the form variable 


10. 


13. 


16. 


19. 


22s 


Le 


Is 3. a solution of 
y+4=7? 


Is 1 a solution of 
4—2m = 3? 


Is 4 a solution of 
39 —4=2y? 


Is —2 a solution of 
4—2n=n-+ 10? 


Is 2 a solution of 
2x? —-1=4x -1? 


Is 4 a solution of 
x(x + 1) =x? + 5? 


Is5 a solution of 
Ayicped =33? 


Is 2.1 a solution of 
x? — 4x = x + 1.89? 


11. 


14. 


17. 


20. 


23. 


26. 


Is —1 a solution of 
2b -1=3? 


Is 2 a solution of 
7 — 3n = 2? 


Is 0 a solution of 
4a+5=3a+ 5? 


Is —3 a solution of 
5 —m=2—-— 2m? 


Is —1 a solution of 
y —1=4y + 3? 


Is 3.a solution of 
2a(a — 1) = 3a + 3? 


Is : a solution of 
5m + 1 = 10m — 3? 


Is 1.5 a solution of 
c? — 3c = 4c — 8.25? 


VA How is the Addition Property of Equations used to solve an equation? 


Explain why the goal in solving an equation is to write the equation in 
constant. 
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Solve and check. 


29. 


33: 


D7. 


41. 


45. 


49, 


53. 


D7. 


61. 


65. 


69. 


72. 


Vion 


78. 


aoe 


How is the Multiplication Property of Equations used to solve an equa- 


x+5=7 
2+a=8 
n—-5=-—2 
oo) 
100+m=3 
b—-5=-3 
4=m— 11 
4=-10+) 
ee! 
ne omee) 
meee! 
ae 
Se get 
Sad na 
5 1 
ie ae 
w + 2.932 = 4.801 
tion? 


/ 


Solve and check. 


80. 


84. 


5x5 


—3x =6 


30. 


34. 


38. 


42. 


46. 


50. 


54. 


58. 


62. 


66. 


81. 


85. 


Yo 
5 +x = 12 
OD 
X= 6 = =3 
Olea 
a 6 — 4 
6.8 =" 
By ar 
pete 
70 -j=c-% 
13 F=n+* 


76. —O.813eRx = 


4y = 28 


—5m = 20 


31. 


35. 


39. 


43. 


47. 


BL, 


oD: 


59. 


63. 


67. 


—1.096 


82. 


86. 


Yi aoe Nt 
Hist Ke 
Dita 77, 
Dt Dae 
OD i ase ae 
Lex 7 
To 
moda 
ca as 
ae 
aae 


32. 


36: 


40. 


44, 


48. 


OZ. 


56. 


60. 


64. 


z-6=10 
£12 =o0 
ae 
n+11=1 
10+y=-4 
Oe ek 
—9 =O tk 
oe 
oh gay 
4 2 
5 bn gS 
4 Pe 
[Ses eae 
Z 
3 


74. d+ 1.3619 = 2.0148 


Tie 


Why, when the Multiplication Property of Equations is used, must the 
number that multiplies each side of the equation not be zero? 


3b = -12 


Oi, 


=1926 ant 


83. 


87. 


= —1.042 


2a = —14 


— Of = —30 
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88. 20 = 4c 89. 18 = 2t 90. -32 = 8w 91. —56 = 7x 

92. 8d=0 93. —5x =0 94. 36 = 92 95. 35 = —5x 

96. —64=84 97, —32 = —4y 98. —42 = 6t 99. —12m = —144 
100. ==2 101. +=3 102. —4=5 103. -2=6 

104. 5 = -4 105. += -3 106. 2x = 12 107. —sc=-8 
108. 2y = ~20 109. —=d=8 110. —2m = 12 m1. 2=2 

112. == -10 113, —“=9 4, = -12 115. -6=—2y 

8 5 5 
116. -15 = —2x m7. 5=2y 118. —2= -3p 119. -Zm=-§ 
120. 5x + 2x = 14 121. 3n + 2n = 20 122. 7d-4d=9 123... 10yi> 3y= 21 
124. 2x -5x=9 128 date ze 2 126. 55=-78 127. 3.4a = 7.004 
128. 2.3m = 2.415 129, 237027 7 130. —1.6m =5.44 
4 131. Employee A had an annual salary of $22,000, Employee B had an 


annual salary of $28,000, and Employee C had an annual salary of 
$26,000 before each employee was given a 5% raise. Which of the three 
employees now has the highest annual salary? Explain how you arrived at 
your answer. 


132. Each of three employees earned an annual salary of $25,000 before 
Employee A was given a 3% raise, Employee B was given a 6% raise, 
and Employee C was given a 4.5% raise. Which of the three employees now 

has the highest annual salary? Explain how you arrived at your answer. 


Solve. 


133. 12 is what percent of 50? 134. What percent of 125 is 50? 135. Find 18% of 40. 
136. What is 25% of 60? 137. 12% of what is 48? 138. 45% of what is 9? 


139. What is 335% of 27? 140. Find 165% of 30. 141. What percent of 12 is 3? 
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142. 


145. 


148. 


151. 


154. 


157: 


158. 


159. 


160. 


161. 


162. 


163. 
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10 is what percent of 15? 143. 60% of what is 3? 144. 
12 is what percent of 6? 146. 20 is what percent of 16? 147. 
375 % of what is 152 149. Find 15.4% of 50. 150. 
1 is 0.5% of what? 152. 3 is 1.5% of what? 153. 
= % of what is 3? 155. Find 125% of 16. 156. 


16.4 is what percent of 20.4? Round to the nearest percent. 
Find 18.3% of 625. Round to the nearest tenth. 


¢ Construction The Arthur Ashe Tennis Stadium in New York has 
 aseating capacity of 22,500 people. Of these seats, 1.11% are wheel- 
chair-accessible seats. How many seats in the stadium are reserved for 
wheelchair accessibility? Round to the nearest whole number. 


» Sports Inasurvey on the World Wide Web, people were asked to 

» name their favorite football team. Forty-nine people named the 
Miami Dolphins, 56 chose the Denver Broncos, 68 named the Dallas Cow- 
boys, and 130 chose the Green Bay Packers. What percent of the people 
surveyed chose the Dallas Cowboys? Round to the nearest percent. 


'¢ Entertainment In an Internet survey, people were asked to name 
their favorite male stand-up comedian. 15.3% responded that 
Robin Williams was their favorite. 12.2% responded that Jerry Seinfeld 
was their favorite. If 4523 people were surveyed, how many more peo- 
ple voted for Robin Williams than for Jerry Seinfeld? Round to the near- 
est whole number. 


¢ Research and Development ‘The circle graph at the right repre- 
- sents funding for research and development of $215.4 billion in 
1998. What percent of the total was funded by industry? Round to the 
nearest tenth of a percent. 


¢ Travel According to the Travel Industry Association of America, 
Y a typical traveler’s total vacation bill is $1442. Of that amount, $735 
is paid in cash. To the nearest percent, what percent of a typical trav- 
eler’s vacation bill is paid in cash? 


TBO ob WiatieG? 
5 oh of whatis 212 
What is 18.5% of 46? 


: % of what is 3? 


What is 250% of 12? 
Other 
nonprofit Academia 
organizations $6.6 





$3.6 


Funding for Research and 
Development in 1998 
(in billions) 


Source: Republished by permission 
of Dow Jones, Inc. via Copyright 
Clearance Center, Inc. © 1997 Dow 
Jones and Company, Inc. All rights 
reserved worldwide. 


164. 


165. 


166. 


167. 


168. 


169. 


170. 


171. 
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P Taxes Ina recent year, 238 U.S. airports collected $1.1 billion in 
» passenger taxes. Of this amount, $88 million was spent on noise 
reduction. What percent of the passenger taxes collected was spent on 
noise reduction? 





Education To receive a B grade ina history course, a student must cor- 
rectly answer 75 of the 90 questions on an exam. What percent of the 
questions must a student answer correctly to receive a B grade? 


Politics Ina recent city election, 16,400 out of 80,000 registered voters 
voted. What percent of the people voted in the election? 


ys Safety Recently the National Safety Council collected data on the 
> leading causes of accidental death. The findings revealed that for 
people age 20, 30 died from a fall, 47 from fire, 200 from drowning, and 
1950 from motor vehicle accidents. What percent of the accidental 
deaths were not attributed to motor vehicle accidents? Round to the 
nearest percent. 





@P Health According to Health magazine, the average American has 
- increased his or her daily consumption of calories from 18 years 
ago by 11.6%. If the average daily consumption was 1970 calories 18 
years ago, what is the average daily consumption today? Round to the 
nearest whole number. 





@ The Labor Force 1n 1950, 12% of mothers with children under age 
» 6 worked outside the home. By 1995, that percent had increased to 
64%. How many more mothers with children under age 6 worked out- 
side the home in 1995 than in 1950? 






a 


p. Energy The Energy Information Adtninicnneon reports that if 
every U.S. household switched 4 h of lighting per day from incan- 
descent bulbs to compact fluorescent bulbs, we would save 31.7 billion 
kilowatt-hours of electricity a year, or 33% of the total electricity used for 
home lighting. What is the total electricity used for home lighting in this 
country? Round to the nearest tenth of a billion. 


Ms ue Federal Government To override a presidential veto, at least 





665 % of the Senate must vote to override the veto. There are 100 


pecs in the Senate. What is the minimum number of votes needed to 
override a veto? 


hy 
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172. ¢ Agriculture A Holstein cow in Wisconsin recently set a 

>» milk production record. She averaged 174 Ib of milk per day 40, 

for 365 days. What percent of the average daily milk production in 

1996 was the production by this Wisconsin Holstein? See the 
graph at the right. Round to the nearest percent. 


Ww 
oO 


Pounds per day 
N 
° 


an 
oO 


173. Consumerism A 16-horsepower lawn tractor with automatic 
transmission sells for $1579.99. This is 11% more than the price of 
the same lawn tractor with a standard transmission. What is the 
price of the less expensive model? Round to the nearest cent. 


Oo 





1993 1994 1995 


Average Milk Production 
by U.S. Dairy Cows 


Source: Department of Agriculture 


APPLYING CONCEPTS 3.1 


Solve. 
Aya, aie Paestis 175. 2245 76nte S 
5 7 Ee 
x 
1 Ter he = Sp ee 
177. : +8=-19 178. E 8 179. ee 6 
x b a a 


180. Solve for x: x + 28 = 1481 remainder 25 
181. Geometry Find the value of x in the diagram shown at the right. 
182. Consumerism Your bill for dinner, including a 7.25% sales tax, was 


$62.74. You want to leave a 15% tip on the cost of the dinner before the 
sales tax. Find the amount of the tip to the nearest dollar. 


Ry] 


183. Consumerism The total cost for a dinner was $54.86. This included a 
15% tip calculated on the cost of the dinner after a 6% sales tax. Find the 
cost of dinner before the tip and tax. 


184. Business Aretailer decides to increase the original price of each item in 
the store by 10%. After the price increase, the retailer notices a significant 
drop in sales and so decides to reduce the current price of each item in 
the store by 10%. Are the prices back to the original prices? If not, are the 
prices lower or higher than the original prices? 


185. Ifa quantity increases by 100%, how many times its original value is the 
new value? 


186. Make up an equation of the form x + a = b that has 2 as a solution. 


187. Make up an equation of the form ax = b that has —2 as a solution. 
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188. Suppose you have a $100,000 30-year mortgage. What is the difference 
between the monthly payment if the interest rate on your loan is 7.75% 
and the monthly payment if the interest rate is 7.25%? (Hint: You will 
need to discuss the question with an agent at a bank that provides mort- 
gage services, discuss the question with a real estate agent, or find and 
use the formula for determining the monthly payment on a mortgage.) 


189. The following problem does not contain enough information: “How 
many hours does it take to fly from Los Angeles to New York?” 
What additional information do we need in order to answer the ques- 

tion? 


190. Y ¢ Write an explanation of how to use the tax rate schedule 
> shown below. Provide an example of calculating the income 


tax on a single taxpayer’s taxable income of any amount between 
$30,000 and $75,000. 


Nienachie ier A tereenc nr ey iseee ead aia ters ae 








Seec T 1 O N 372 
General Equations 





ME Solve equations of the form ax + b =c (y 


In solving an equation of the form ax + b = c, the goal is to rewrite the equation 
in the form variable = constant. This requires applying both the Addition and the 
Multiplication Properties of Equations. 
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® Solve: =x =o — 7, 


Add 3 to each side of the equation. 


2x-3+3=-74+3 
2 
Simplify. 5+ — —4 
; : 5) 2 5 
Multiply each side of the equation by the recip- phi Cee —4) 
rocal of the coefficient =. 
Simplify. Now the equation is in the form % Fa 10 


variable = constant. 


Write the solution. 


Example 1 


Solution 


Problem 1 


Solution 


Example 2 


Solution 


Problem 2 
va Solution 





Solve: 3x — 7 = —5 


oa) 
3x — T 7 = —5 + 7 


The solution is : ; 


Solve: 5x + 7 = 10 
See page S5. 


Solve: 5 = 9 — 2x 


5 =9 — 2x 
5-9=9-9-2x 
ray 
=A a 2s 

Po 357: 

2=x 


The solution is 2. 


Solve: 11 = 11 + 3x 
See page S5. 


Ghee =x ae 


2 
5(—10) = 3 N= 7 


-4-—3]|-7 
-7=-7 


The solution is —10. @ 


> Add 7 to each side of the equation. 
> Simplify. 


> Divide each side of the equation by 3. 


> Simplify. Now the equation is in the form 
variable = constant. 


> Write the solution. 


> Subtract 9 from each side of the equation. 
> Simplify. 


> Divide each side of the equation by —2. 
> Simplify. 


> Write the solution. 
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Note in Example 4 in the Introduction to Equations section, that the original equa- 
; 1 2 ‘ ; ‘ : 
tion, 5 a a contained fractions with denominators of 2 and 3. The least com- 


mon multiple of 2 and 3 is 6. The least common multiple has the property that 
both 2 and 3 will divide evenly into it. Therefore, if both sides of the equation are 
multiplied by 6, both of the denominators will divide evenly into 6. The result is 
an equation that does not contain any fractions. Multiplying an equation that con- 
tains fractions by the LCM of the denominators is called clearing denominators. 
It is an alternative method of solving an equation that contains fractions. 


Ne ee ee eee 
® Solve:5 =x +3 a a 
Multiply both sides of the equation by 6, the of5] = ofx oe 2) 
LCM of the denominators. 

: ; : 2 
Simplify each side of the equation. Use the SOC) o(3] 
Distributive Property on the right side of the 
equation. 

Note that multiplying both sides of the equation 3,4 OXr ae 
by the LCM of the denominators eliminated the 
fractions. 
Solve the resulting equation. Oe Aa Oe eee 
Sibi oye 
Ely er 
Caen 
a1 
Bae 
The solution is 2. @ 
a i il 
Example 3. Solve: 3 ate 4x Sa 
Solution : + 7 = os > The equation contains fractions. Find 


the LCM of the denominators. 


12(2 : 3 - 12{-4) > The LCM of 3 and 4 is 12. Multiply 


nae ‘ each side of the equation by 12. 
1 
12(2) oP 12(}x| ie > Use the Distributive Property to multi- 
ply the left side of the equation by 12. 
Stiga 4 > The equation now contains no fractions. 
88 Bri m8 
oe 22 
pu s12 
Spa es 
cea 


The solution is —4. 


1 


Problem 3 Solve: : - . al 





Solution See page 55. 
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Solve equations of the form 
ax b =x “ed 


In solving an equation of the form ax + b = cx + d, the goal is to rewrite the equa- 
tion in the form variable = constant. Begin by rewriting the equation so that there 
is only one variable term in the equation. Then rewrite the equation so that there 


is only one constant term. 


& Solve: 4x —5 = 6x +11 


Subtract 6x from each side of the equation. 


Simplify. Now there is only one variable 
term in the equation. 


Add 5 to each side of the equation. 


Simplify. Now there is only one constant 
term in the equation. 


Divide each side of the equation by —2. 


Simplify. Now the equation is in the form 
variable = constant. 


Write the solution. 


[ Example 4 Solve: 4x — 3 = 8x — 7 


Solution Ae — Beene = 7 
4% — 8x — 3 = 8x — 8x — 7 





4x —3 = -7 


—4x -3+3= -7 +3 


4x —4 
pee ee 
-4 -4 
x=1 


The solution is 1. 


_ Problem4 Solve: 5x + 4 = 6 + 10x 
L Solution See page S5. 


4x —5 = 6x + 11 
AY en On) — OY eee mn 


=e = 5) = iil 


—2y — 5 +5 =11-+-5 


—2x = 16 
= 2 
—2  -2 
x=-8 


Check: 4x = 5 = 6x4 se 
4(=8) = 5186(-8) od 
—32 —5 | —48 + 11 
—o/— 37, 


The solution is —8. e 


> Subtract 8x from each side of the 
equation. 

> Simplify. Now there is only one 
variable term in the equation. 

> Add 3 to each side of the equa- 
tion. 

> Simplify. Now there is only one 
constant term in the equation. 

> Divide each side of the equation 
by —4. 

> Simplify. Now the equation is in 
the form variable = constant. 

> Write the solution. 


Solve equations containing parentheses 
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When an equation contains parentheses, one of the steps 
in solving the equation requires the use of the Distributive 


Property. The Distributive Property is used to remove 


a(b + c)=ab + ac 


parentheses from a variable expression. 


™ Solve: 4 + 5(2x — 3) = 3(4x — 1) 
Use the Distributive Property to 
remove parentheses. 

Simplify. 


Subtract 12x from each side of the 
equation. 


Simplify. Now there is only one 
variable term in the equation. 


Add 11 to each side of the equa- 
tion. 


Simplify. Now there is only one 
constant term in the equation. 


Divide each side of the equation 
by =2 


Simplify. Now the equation is in 
the form variable = constant. 


Write the solution. 


The solution is —4. 


4 + 5(2x — 3) = 3(4x — 1) 
Anta Ox Se De, 


HO) Xmen le 
10 = 12 Sal 10a 


se — 1h == 6} 


~x-11+11=-3+11 





—2x = 8 
=2caeS 
a) 
x= -4 
Check: 4 + 5(2x — 3) = 3(4 — 1) 
4 + 5[2(—4) — 3] | 3[4(—4) — 1] 
4+ 5(—8 — 3) | 3(—16— 1) 
4 + 5(—11) | 3(—17) 
4— 557-51 
la Ob 


In Chapter 2, we discussed the use of a graphing calculator to evalu- 

= ate variable expressions. The same procedure can be used to check the 
solution of an equation. Consider the example above. After we divide 

both sides of the equation by —2, the solution appears to be —4. To check this 
solution, store the value of x, —4, in the calculator. Evaluate the expression 


on the left side of the original equation: 4 + 5(2x — 3). The result is —51. 
Now evaluate the expression on the right side of the original equation: 
3(4x — 1). The result is —51. Because the results are equal, the solution —4 
checks. See the Appendix for a description of keystroking procedures for 
different models of graphing calculators. 
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™ Example 5 





Solve: 3x — 4(2 — x) = 3(x — 2) -4 





Solution 3x — 4(2 — x) =3(x - 2) -4 
3x -8+ 4x =3x -—6-4 > Use the Distributive Property to 
remove parentheses. 
1X = Bide ae > Simplify. 
7x — 3x —-8 =3x —3x.—10 > Subtract 3x from each side of the 
t 4x — 8 = —10 equation. 
Age 8 +8 = "10 4% > Add 8 to each side of the equa- 
4x = —2 tion. 
i AUCH 2 > Divide each side of the equation 
| vag (tig by 4. 
1 > The equation is in the form 
i few 2 variable = constant. 
) ee 
i The solution is — 5. 
| Problem 5 Solve: 5x — 4(3 — 2x) = 2(3x — 2) + 6 
Solution See page S5. 
= Example 6 Solve: 3[2 — 4(2x — 1)] = 4x — 10 
| Solution 3[2 — 4(2x — 1)] = 4x — 10 
: 3[2 — 8x + 4] = 4x — 10 > Use the Distributive Property 
' to remove the parentheses. 
I 3[6 — 8x] = 4x — 10 > Simplify inside the brackets. 
: 18 — 24x = 4x — 10 > Use the Distributive Property 
' to remove the brackets. 
; 18 — 24x — 4x = 4x — 4x — 10 > Subtract 4x from each side of 
) 18 — 28x = —10 the equation. 
18'— 18 —*28% = —10.— 16 > Subtract 18 from each side of 
| —28x = —28 the equation. 
| =28xhu = 28 > Divide each side of the equa- 
' ee tion by —28. 
) eo} 
i The solution is 1. 
l Problem 6 Solve: —2[3x — 5(2x — 3)] = 3x — 8 
Solution See page 55. 
Ca 
Application problems 
™ Example 7 A company uses the equation V = C — 6000¢ to determine the 
) depreciated value V, after t years, of a milling machine that orig- 
i inally cost C dollars. If a milling machine originally cost $50,000, 
j in how many years will the depreciated value of the machine 
be $38,000? | 
Strategy To find the number of years, replace C with 50,000 and V with 


38,000 in the given equation, and solve for ft. 


LOOK CLOSELY 
60 Ib 90 lb 
as 


cg 


This system balances 
because 


F.x = F(d — x) 
60(6) = 90(10 — 6) 
60(6) = 90(4) 

360 = 360 
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Vie= C= 60008 
38,000 = 50,000 — 6000t 
38,000 — 50,000 = 50,000 — 50,000 — 6000t 
= 2,000i—= — 6000 
—12,000 _ —6000¢ 


—6000 —6000 
2h 


Solution 








The depreciated value of the machine will be $38,000 in 2 years. 


Problem 7 The value V of an investment of $7500 at an annual simple inter- 
est rate of 6% is given by the equation V = 450t + 7500, where t 
is the amount of time, in years, that the money is invested. In 


how many years will the value of a $7500 investment be $10,200? 
Solution See page S5. 


A lever system is shown below. It consists of a lever, or bar; a fulcrum; and two 
forces, F, and F,. The distance d represents the length of the lever, x represents the 
distance from F, to the fulcrum, and d — x represents the distance from F, to the 
fulcrum. 


F, F, 





A principle of physics states that when the lever system balances, 


Fe =r (dix) 


Example 8 A lever is 10 ft long. A force of 100 Ib is applied to one end of the 
lever, and a force of 400 lb is applied to the other end. When the 
system balances, how far is the fulcrum from the 100-pound 
force? 


Strategy Draw a diagram of the situation. 











EER 
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Solution 


Problem 8 





Solution 


The lever is 10 ft long, so d = 10. One force is 100 lb, so F; = 100. 
The other force is 400 Ib, so F, = 400. To find the distance of the 
fulcrum from the 100-pound force, replace the variables F,, Fy, 
and d in the lever system equation with the given values, and 
solve for x. 


Pix= Fd =>) 
100x = 400(10 — x) 
100x = 4000 — 400x 
100x + 400x = 4000 — 400x + 400x 


500x = 4000 
500x _ 4000 
500-500. 

x=8 


The fulcrum is 8 ft from the 100-pound force. 


A lever is 14 ft long. At a distance of 6 ft from the fulcrum, a force 
of 40 Ib is applied. How large a force must be applied to the other 
end of the lever so that the system will balance? 


See page S6. 


STUDY TIPS 








CONCEPT REVIEW 3.2 


Determine whether the statement is always true, sometimes true, or never true. 


I. 


The same variable term can be added to both sides of an equation without 


changing the solution of the equation. 


The same variable term can be subtracted from both sides of an equation 
without changing the solution of the equation. 
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An equation of the form ax + b=c cannot be solved if a is a negative 
number. 


The solution of the equation : = 015.0. 


The solution of the equation ; = os), 


In solving an equation of the form ax + b = cx + d, the goal is to rewrite the 
equation in the form variable = constant. 


In solving an equation of the form ax + b = cx + d, subtracting cx from each 
side of the equation results in an equation with only one variable term in it. 


EXERCISES 3.2 


BY Solve and check. 

Pp 14. 3x+1=10 2. 4y+3=11 3. 22-5 =7 
5. 5=4x+9 6a oD gore 
9, 2-x=11 10a ou = 2 11a or = 13 
(ede, 1 8 3 = = 19 15. “7-4 = —25 
Wie te 9. 18. 2=7— 5a 19 3a an 
31, -8e+3=-29 22. —3m—21=0 23. 7x -3 =3 
25. 6a+5=9 26. 3m+4=11 27, 11=15+ 4n 
29. 9 - 4x =6 30. 7-8z=0 31. 1-3x=0 
33. 8b-3=—-9 34. 5—6m=2 35. 7-9 =4 
37. 10=-18x+7 38 2y+5=% 39. 3x -2 => 
41. 9x+2=5 MD, 4=7— 2 43, 7=9— 5a 
45. —4x+3=9 46. 5a-3= 47. 3m-1=5 
49. =n +7=13 50. —Sx+1= 51. -2b+4=10 
53, 4-2=3 54, = -1=5 55. +-1=8 
57, 3-=2w=—-9 58. 5 + xy = 59. 17 +2x=7 
61. 2=y-5 62. = ax+2 63. s=2- 5b 


12. 


16. 


20. 


24. 


28. 


32. 


36. 


40. 


44, 


48. 


52. 


56. 


60. 


64. 
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Dita tots, 

i O= 9 

Sn Ona 
et OUI a0 
=O SOUL 
SY atoms 
4=2-—- 3c 

OV en te) 


Oe Oo 


3 3 
SU ery 


—~6y +5 =13 


2 
Yi so 


x 
ia, 
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65. 
68. 
7A: 
74. 


The 


Solve. 


80. 


82. 


Solve 


84. 
87. 
90. 
93. 
96. 
99: 
102. 
105. 
108. 
111. 
114. 


117. 


123. 


126. 
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DX 


fet a 6.370 67. 
6a+3+2a=11 69. Sy+9+ 2y = 23 70. 
NZ 3779 12. 2X Ox Fil i= 9 73. 
=1=bm +7 =m 7d. © = 4 = 6.aon 76. 
1.2x — 3.44 = 1.3 78. 3.0 = 3.5, +.0,076x 79. 
If 2x — 3 = 7, evaluate 3x + 4. 

If 4 — 5x = —1, evaluate x? — 3x + 1. 83. 

and check. 

8x +5 = 4x + 13 85. 6y+2=y+17 86. 
lin +3 = 10n + 11 88. 5x -4=2x+5 89. 
t2y—4=9y —7 91. 13b —-1= 4b —- 19 92. 
Oo = 24 92) 94. Sx Elta bt =12y 95. 
Xo ll Dy LI A cae PN 1K) 6) 98. 
Hat eeeus 100. 4x -—-7=5x+1 101. 
4y—8=4—8 103. 54+ 7=2a+7 104. 
10—-4n=16-n 106. 2x —4= 6x 107. 
Ofte sitet DU) 109. 9y = Sy + 16 110. 
8 — 4x = 18 — 5x 112. 6-—10a=8 — 9a 113. 
8bh+5=5b+7 115, 67 —1 = 2y + 2 116. 
103 =x 118. 5n+3=2n+1 119: 
sd =5d+3 I. ix=tx+2 122: 
=C Ses aC 124. sy =O sy 125. 
8.74 = 3.94 +196 127, 454 —54 = 2.7% 128. 


5 
pe fait, 
1D 6 
b-—-8b+1=-6 
0.15y + 0.025 = —0.074 


—6.5 = 4.3y — 3.06 


81. If3x + 5 = —4, evaluate 2x — 5. 


If 2 — 3x = 11, evaluate x? + 2x — 3. 


7m+4=6m+7 


9a —-10 = 3a +2 


15x —2= 4% — 18 


n-2=6-3n 


2b + 3 = 5b + 12 


6d -2=7d+5 


6 — 5x =8 -— 3x 


2b — 10 = 7b 


=X = 473716 


5 — 7m =2 — 6m 


7X =~ 8 =x —3 


$4 —2=4,—5 


Dee 


I 


No Olle 


a 


b b 


I| 


WIN WIN 


| 
aI 


5.6x = 7.2x — 6.4 


Solve. 
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129. If 5x = 3x — 8, evaluate 4x + 2. 130. If 7x + 3 = 5x — 7, evaluate 3x — 2. 

131. If2 — 6a =5 — 3a, evaluate 4a? — 24 + 1. 132. If 1 — 5c =4 — 4c, evaluate 3c? — 4c + 2. 
Solve and check. 

HS3-Biox ee 200 1) = 23 134, 6y + 2(2y + 3) = 16 135.” 9n — 32h 1) 15 

136. 12x — 2(4x — 6) = 28 1375). 70,-1(34-=4), $112 138... 9m — 42m — 3) = 11 

139. 5(3 — 2y) + 4y =3 140. 4(1 — 3x) + 7x =9 141. 10x+1=28x+5)-1 

tee yo ay — 2) 143. 4-—3a=7 — 2(2a + 5) 144. 9 — 5x = 12 — (6x + 7) 

qa5. Sy — 7 =15(2y —*3) P'4 146. 2a -5=43a+ 1) -2 

147. 5—\(9 — 6x) = 2x —2 148. 7 — (5 — 8x) =4¢ +3 

149. 3[2 — 4(y — 1)] = 3(2y + 8) 150, 5[2 — (2x — 4)] = 2(6 — 3x) 

151. 3a + 2[2 + 3@ — 1)] = 2(34 + 4) 152.5 + 3[1 + 2x —3)] = 6(x +5) 

153. —2[4 — (3b + 2)]=5 — 2b + 6) 154. —4[x — 2(2x — 3)])+1=2x-3 

a5 or0.3%7 = 2(16x) — 8 = 3(1.9x% = 4.1) 156. 0.56 — 0.4(2.ly + 3) = 0.2(2y + 6.1) 

Solve. 

157. If4 — 3a =7 — 2(2a + 5), evaluate a? + 7a. 158. If9 — 5x = 12 — (6x + 7), evaluate 

Xie tot bee: 
159. If 2z — 5 = 3(4z + 5), evaluate = 160. If3n — 7 = 5(2n + 7), evaluate peewee 


Z 


2n — 6 


The distance s, in feet, that an object will fall in t seconds is given by s = 16#? + vt, 
where v is the initial velocity of the object in feet per second. 


161. Physics Find the initial velocity of an object that falls 80 ft in 2 s. 


162. Physics Find the initial velocity of an object that falls 144 ft in 3 s. 


The pressure at a certain depth in the ocean can be approximated by the equation 


P= 5D + 15, where P is the pressure in pounds per square inch, and D is the 


depth in feet. 


163. Physics Find the depth of a diver when the pressure on the diver is 


35 Ib/in?. 
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164. Physics Find the depth of a diver when the pressure on the diver is 
45 lb/in?. 


Black ice is an ice covering on roads that is especially difficult to see and therefore 
extremely dangerous for motorists. The distance that a car traveling 30 mph will 
slide after its brakes are applied is related to the outside temperature by the for- 


mula C = =D — 45, where C is the Celsius temperature and D is the distance in 


feet that the car will slide. 


165. Physics Determine the distance a car will slide on black ice when the out- 
side temperature is —3°C. 


166. Physics Determine the distance a car will slide on black ice when the out- 
side temperature is —11°C. 


Anthropologists can approximate the height of a primate from the size of its 
humerus (the bone extending from the shoulder to the elbow) by using the equa- 
tion H = 1.2L + 27.8, where L is the length of the humerus and H is the height of 
the primate in inches. 


167. Anthropology An anthropologist estimates the height of a primate to be 
66 in. What is the approximate length of the humerus of this primate? 
Round to the nearest tenth. 


168. Anthropology The height of a primate is estimated to be 62 in. Find the 
approximate length of the humerus of this primate. 


The fare, F, to be charged a customer by a taxi company is calculated using the for- 
mula F = 1.50 + 0.95(m — 1), where m is the number of miles traveled. 


169. Business A customer is charged $6.25. How many miles was the passen- 
ger driven? 


170. Business A passenger is charged $9.10. Find the number of miles the cus- 
tomer was driven. 


A person’s accurate typing speed can be approximated by the equation 
Wi Se 

10 
number of words typed in ten minutes, and e is the number of errors made. 


ic 





, where S is the accurate typing speed in words per minute, W is the 


171. Employment After taking a 10-minute typing test, a job candidate was 
told that he had an accurate speed of 35 words per minute. He had typed a 
total of 390 words. How many errors did he make? 


172. Employment A job applicant took a 10-minute typing test and was told 
that she had an accurate speed of 37 words per minute. If she had typed a 
total of 400 words, how many errors did she make? 
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A telephone company estimates that the number N of phone calls made per day 
between two cities of population P; and P, that are d miles apart is given by the 


‘ DOPE, 
equation N = —*2, 


173. Business Estimate the population P,, given that P, is 48,000, the number of 
phone calls is 1,100,000 and the distance between the cities is 75 mi. Round 
to the nearest thousand. 


174. Business Estimate the population P,, given that P, is 125,000, the number 
of phone calls is 2,500,000, and the distance between the cities is 50 mi. 
Round to the nearest thousand. 


To determine the break-even point, or the number of units that must be sold so 
that no profit or loss occurs, an economist uses the equation Px = Cx + F, where 
P is the selling price per unit, x is the number of units sold, C is the cost to make 
each unit, and F is the fixed cost. 


175. Business An economist has determined that the selling price per unit for 
a television is $250. The cost to make one television is $165, and the fixed 
cost is $29,750. Find the break-even point. 


176. Business A manufacturing engineer determines that the cost per unit for a 
compact disc is $3.35 and that the fixed cost is $6180. The selling price for 
the compact disc is $8.50. Find the break-even point. 


Use the lever-system equation F,x = F,(d — x). 


77 In the lever-system equation F,x = F,(d — x), what does x represent? 
What does d represent? What does d — x represent? 


178. Suppose an 80-pound child is sitting at one end of a 7-foot see-saw, and 

a 60-pound child is sitting at the other end. The 80-pound child is 3 ft 

from the fulcrum. Use the lever system equation to explain why the see-saw 
balances. 


179. Lever Systems Two children are sitting 8 ft apart on a see-saw. One child 
weighs 60 lb and the second child weighs 50 Ib. The fulcrum is 3.5 ft from 
the child weighing 60 Ib. Is the see-saw balanced? 


180. Lever Systems An adult and a child are on a see-saw 14 ft long. The adult 
weighs 175 lb and the child weighs 70 lb. How many feet from the child 
must the fulcrum be placed so that the see-saw balances? 


181. Lever Systems A lever 10 ft long is used to balance a 100-pound rock. The 
fulcrum is placed 2 ft from the rock. What force must be applied to the other 
end of the lever to balance the rock? 


50 Ib 


a 


3.5 ft 


113 


60 Ib 
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182. Lever Systems A 50-pound weight is applied to the left end of a see-saw 
10 ft long. The fulcrum is 4 ft from the 50-pound weight. A weight of 30 lb 
is applied to the right end of the see-saw. Is the 30-pound weight adequate 
to balance the see-saw? 


183. Lever Systems In preparation for a stunt, two acrobats are standing on a 
plank 18 ft long. One acrobat weighs 128 lb and the second acrobat weighs 
160 Ib. How far from the 128-pound acrobat must the fulcrum be placed so 
that the acrobats are balanced on the plank? 


184. Lever Systems A screwdriver 9 in. long is used as a lever to open a can of 
paint. The tip of the screwdriver is placed under the lip of the lid with the 
fulcrum 0.15 in. from the lip. A force of 30 lb is applied to the other end of 
the screwdriver. Find the force on the lip of the lid. 





APPLYING CONCEPTS 3.2 


Solve. If the equation has no solution, write “No solution.” 
e5e r= ti (Gye 9 186. =(25 — 10b) + 4=5(9b — 15) — 6 


2 (Grice 30s eae 


5 5G aa A 


187. 3[4(w + 2) —- (w+ 1)] =52 + w) 188. 
189. Solve for x: 32,166 + x = 518 remainder 50 


190. One-half of a certain number equals two-thirds of the same number. Find 
the number. 


191. Write an equation of the form ax + b = cx +d that has 4 as a solution. 


192. Ifa, b, and c are real numbers, is it always possible to solve the equation 
ax + b =? If not, what values of a, b, and/or c must be excluded? 


193. Does the sentence “Solve 3x — 4(x — 1)” make sense? Why or why 
not? 
194. The equation x = x + 1 has no solution, whereas the solution of the 


equation 2x + 1 = 1 is zero. Is there a difference between no solution 
and a solution of zero? Explain your answer. 


195. Explain in your own words the steps you would take to solve the equa- 
wa 
tion 7x — 7 = 2. State the Property of Real Numbers or the Property of 


Equations that you used at each step. 
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196. W Explain what is wrong with the following demonstration, which sug- 
gests that 2 = 3. 


2X SOLES 
2x +5—5=3x+5-5_ > Subtract 5 from each side of the equation. 


Zi Be 
aoe > Divide each side of the equation by x. 
x x 
Za 
197. Archimedes supposedly said, “Give me a long enough lever and I can 


move the world.” Explain what Archimedes meant by this statement. 





SeEeert 1°O N 3.3 
Inequalities 


—, 
"] 


BH Solve inequalities using the Addition Cy 
Property of Inequalities 


An expression that contains the symbol >, <, =, or = is called an inequality. An 
inequality expresses the relative order of two mathematical expressions. The 
expressions can be either numerical or variable expressions. 


4>2 
Oxi 7i Inequalities 
eee eae 


The solution set of an inequality is a set of numbers, each element of which, 
when substituted for the variable, results in a true inequality. The solution set of 
an inequality can be graphed on the number line. 


The graph of the solution set of x > 1 is shown 

at the right. The solution set is the real num- hero ete NiO B2eS eo 
bers greater than 1. The parenthesis on the 

graph indicates that 1 is not included in the 

solution set. 


The graph of the solution set of x = 1is shown 
at the right. The bracket at 1 indicates that 1 is 3A 32 ee 
included in the solution set. 


The graph of the solution set of x < —1 is 
shown at the right. The numbers less than —1 og an ee 
are to the left of —1 on the number line. 
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Example 1 Graph: x <3 


i Solution ——————) ++ SOC#P-‘ Thee solution set is the num- 


SO BZ EOE NEN a bers less than 3. 
) Problem 1 Graph: x > —2 
= Solution See page S6. 


The inequality at the right is true if the LAS 8 
15 

variable is replaced by 7, 9.3, or ~. YOO 

93 +3>8 | true inequalities 

iS 

> FBO 
The inequality x + 3 > 8 is false if the 4 OG 

1 5+3> iti 

variable is replaced by 4, 1.5, or — 5. : , 3 > 8 False inequalities 

75 oO 


There are many values of the variable x that will make the inequality x + 3 > 8 
true. The solution set of x + 3 > 8 is any number greater than 5. 


The graph of the solution set of 
x + 3 > 8 is shown at the right. OG Oe en ae a ee 


In solving an inequality, the goal is to rewrite the given inequality in the form vari- 


able > constant or variable < constant. The Addition Property of Inequalities is 
used to rewrite an inequality in this form. 


Addition Property of Inequalities 





The same number can be added to each side of an inequality without chang- 
ing the solution set of the inequality. 


Ifa>b,thenat+tc>bte. 
Ifa<b,thenat+c<bte. 





The Addition Property of Inequalities also holds true for an inequality con- 
taining the symbol = or =. 


The Addition Property of Inequalities is used when, in order to rewrite an inequal- 
ity in the form variable > constant or variable < constant, a term must be removed 


from one side of the inequality. Add the opposite of the term to each side of the 
inequality. 


Because subtraction is defined in terms of addition, the Addition Property of 
Inequalities makes it possible to subtract the same number from each side of an 
inequality without changing the solution set of the inequality. 
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™> Solve:x +4<5 


Subtract 4 from each side of the inequality. 


Simplify. 


The graph of the solution set of x + 4 <5 


Xe ana) 
x+4-—-4<5-4 
noe || 


Oat OO a elle eo ea) 


is shown at the right. @ 


™ Solve: 5x —-6<4x —4 


Subtract 4x from each side of the inequality. 


5x -6=4*%-4 
5x —4x —-6=s 4% —4* -4 


Simplify. Leb St 

Add 6 to each side of the inequality. x 6 16S 4526 

Simplify. c= 2 
™ Example 2 Solve and graph the solution set of x + 5 > 3. 
Solution A tees 

x+5-—5>3-—5 _ > Subtract 5 from each side of the inequality. 
0 2 

-5-4-3-2-1 012345 
| Problem 2 Solve and graph the solution set of x + 2 < —2. 


be Solution 


I 
‘ 


[ Problem 3 


Solution 


Solve inequalities using the Multiplication 


See page S6. 


Solve: 7x — 14 S 6x — 16 


7X NES 6x 16 


7x — 6x — 14 = 6x — 6x — 16 ~~: Subtract 6x from each side of the 


al Aad inequality. 
x—14+14=—16¢4 14 > Add 14 to each side of the 
a2 inequality. 
SOlVen aioe A 
See page S6. 


Feeweeeceenony 
Lot Ps 


(1) ied 


Property of Inequalities 


In solving an inequality, the goal is to rewrite the given inequality in the form 
variable > constant or variable < constant. The Multiplication Property of Inequali- 
ties is used when, in order to rewrite an inequality in this form, a coefficient must 
be removed from one side of the inequality. 
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LOOK CLOSELY 


c > Omeans cis a positive 
number. 


LOOK CLOSELY 


The inequality symbols are 
not changed. 


LOOK CLOSELY 


c < Omeans cis anegative 
number. 


LOOK CLOSELY 


The inequality symbol is 
reversed in each case. 


LOOK CLOSELY 


Any time an inequality is 
multiplied or divided by a 
negative number, the 
inequality symbol must be 
reversed. Compare these two 
examples: 


2x < —4 Divide each side 
2x 2 =4 by positive 2. The 
2 2 inequality symbol 
X< —2 is notreversed. 
= Ox <4 Divide each side 
—2x 4 by negative 2. The 
ao. = —2 inequality symbol 
xXx > —2 sreversed. 
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Multiplication Property of Inequalities—Rule I 





Each side of an inequality can be multiplied by the same positive number 
without changing the solution set of the inequality. 


lfa > band c.> 0, then ac > bc. Ifac< band c: > 0, then ac =< be: 





5>4 6-9 
5(2) > 4(2) 6(3):= 93) 
10> 8 A true inequality 18<27 A true inequality 


Multiplication Property of Inequalities—Rule 2 





If each side of an inequality is multiplied by the same negative number and 
the inequality symbol is reversed, then the solution set of the inequality is 
not changed. 


lta > band c <0, thenac =<. bc. Ifa =< band c < 0 then ac: = be. 


5>4 6 = 9 
5S 2)<4(=2) 6(=3) = 9(=3) 
10-8 A true inequality =18 > —27 “A true’ mequality 


The Multiplication Property of Inequalities also holds true for an inequality 
containing the symbol = or =. 


©» Solve: Sx <6 


Multiply each side of the inequality by the 5x =6 
reciprocal of the coefficient — =. Because — : x | ao eee (6) 
is a negative number, the inequality symbol sa : 
must be reversed. 

Simplify. a. 


F 3 2 
The graph of the solution set of —5x = 6 is gee ip a ee 


shown at the right. ea 


Recall that division is defined in terms of multiplication. Therefore, the Multipli- 
cation Property of Inequalities allows each side of an inequality to be divided by 
the same number. When each side of an inequality is divided by a positive num- 
ber, the inequality symbol remains the same. When each side of an inequality is 
divided by a negative number, the inequality symbol must be reversed. 


™ Solve: —5x > 8 


SiS 
Divide each side of the inequality by —5. Because —5 is a eos 
negative number, the inequality symbol must be reversed. ee 
r< == 


Simplify. 


LOOK CLOSELY 


Solving these inequalities is 
similar to solving the 
equations solved in Sec- 

tion 3.2 except that when you 
multiply or divide the 
inequality by a negative 
number, you must reverse the 
inequality symbol. 
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[ Example 4 Solve and graph the solution set of 7x < —14. 


7x _ —14 > Divide each side of the inequality by 7. Because 7 is a 
Z 7 positive number, do not change the inequality symbol. 


Solution 7x < —14 
| <=? 


Soa a OT ae 


Problem 4 Solve and graph the solution set of 3x < 9. 


= Solution See page S6. 


was 5 5 
Example 5 Solve: gt h5 


2 


. 5 
oe <— 
Solution s* =p 


2. 


Problem 5 Solve: =x => 18 


r Bag asin) suas Stes chi auan ai emtia cereal 
R 
lV 
| 
WIN 


Solution See page S6. 


Solve general inequalities 


8{ 5 8/5 
-§(-3x = -§(3) > Multiply each side of the inequality by 
: 5 oe 
the reciprocal of —3. —= is a negative 


number. Reverse the inequality symbol. 


—_—, 
8 


(cs 


In solving an inequality, it is often necessary to apply both the Addition and the 


Multiplication Properties of Inequalities. 


™® Solve: 3x — 2<5x+ 4 


Subtract 5x from each side of the inequal- 
ity. Simplify. 

Add 2 to each side of the inequality. 
Simplify. 

Divide each side of the inequality by 
—2. Because —2 is a negative number, 


the inequality symbol must be reversed. 
Simplify. 


™ Example 6 Solve: 7x — 3 = 3x + 17 
Solution [Xeon OX ly 

[a =e O17, 
AXE AS 17 


3x -2<5x+4 
3x — 5x —-2<5x-—5x +4 
ae 


—2x —-2+2<4+2 
aa 
Bes 


—2~ -2 


Y= 8 e 


> Subtract 3x from each side of the 
inequality. 


120 Chapter 3 / Solving Equations and Inequalities 





i 


Agi sst ld 83 > Add 3 to each side of the inequal- 
4x = 20 ity. 
= < ~ > Divide each side of the inequality 


by 4. 
ao : 


Problem 6 Solve: 5 — 4x > 9 — 8x 
Solution See page S6. 


When an inequality contains parentheses, one of the steps in solving the inequal- 
ity requires the use of the Distributive Property. 


™ Solve: —2(x — 7) > 3 — 4(2x — 3) 


ELELTS TFL TTS TTA SEL TSO TIL —y 


(X37) ota ee) 


Use the Distributive Property to remove =2n +14 >3:— 6x + 12 
parentheses. Simplify. — 2 + 1A 1b ox 

Add 8x to each side of the inequality, ~—2x + 8x + 14> 15'—8x + 6x 
Simplify. 6x + 14> 15 

Subtract 14 from each side of the inequal- ox 14 Wit 15 — 14 

ity. Simplify. ox 

Divide each side of the inequality by 6. " = : 

Simplify. ies . @ 


Example 7 Solve: 3(3 — 2x) = —5x — 2(3 — x) 
Solution 3(3°= 2x) = —5x — 286 — x) 


9— 6x 2=—-5x—6+2x > Use the Distributive Property. 
DON =a Oar 
26x OX = BX Ox 6 > Add 3x to each side of the in- 
7 3X6 equality. 
Ui O35 = =6 9 > Subtract 9 from each side of the 
—3x > -15 inequality. 
3x _ 15 > Divide each side of the inequal- 
ten ity by —3. Reverse the inequal- 
(tes .5 ity symbol. 


Problem 7 Solve: 8 — 4x + 5) = 6(x — 8) 
Solution See page S6. 
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STUDY TIPS pina 


BE PREPARED FOR TESTS 


The Chapter Test at the end of a chapter should be used to prepare for an 
examination. We suggest that you try the Chapter Test a few days before 
your actual exam. Do these exercises in a quiet place and try to complete 
the exercises in the same amount of time as you will be allowed for your 
exam. When completing the exercises, practice the strategies of successful 
test takers: 


1. Look over the entire test before you begin to solve any problem. 


2. Write down any rules or formulas you may need so they are readily 
available. 


3. Read the directions carefully. 
4. Work the problems that are easiest for you first. 
5. Check your work, looking particularly for careless errors. 
When you have completed the exercises in the Chapter Test, check 
your answers. If you missed a question, review the material in that objec- 


tive and rework some of the exercises from that objective. This will 
strengthen your ability to perform the skills in that objective. 


CONCEPT REVIEW 3.3 


Determine whether the statement is always true, sometimes true, or never true. 


i 


The same variable term can be added to both sides of an inequality without 
changing the solution set of the inequality. 


The same variable term can be subtracted from both sides of an inequality 
without changing the solution set of the inequality. 


Both sides of an inequality can be multiplied by the same number without 
changing the solution set of the inequality. 


Both sides of an inequality can be divided by the same number without 
changing the solution set of the inequality. 


Suppose a > 0 and b < 0. Then ab > 0. 
Suppose a < 0. Then a’ > 0. 
Suppose a > 0 and b < 0. Then a’ > b. 


Suppose a > b. Then —a > —b. 
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9. Suppose a < b. Then ac < be. 


1 1 
10. Suppose a # 0,b #0,anda> b. Then ee o 





EXERCISES 3.3 


EN Graph. 
Lr 2 Z 
Oe Xesn0 4 


Solve and graph the solution set. 


Sek ele 6. 
eee 8. 
9S it 47 10. 
Li —.0 = —10 12. 
ino = 4 14, 
Solve. 

155 3 = —12 16. x+82—14 
18. 5x +4< 4x - 10 19). (8h) 7.2 7x5 — 2 
Cex 4 x 7 22. FOX ST = BR = 7 
24. Sb — 9 <3 + Ab 25. 6x + 4257 — 2 
le — 10) 28. 3x 49 > Dy 7 
30. x-3<2 31. x+2=-3 

33. 2x-5<x+ 34. 6x — 5 = 5x — 3 
36. 4b- = 3p- 2 37. x+58<46 
39.) 4 023 = 0:47 40. 3.8x <2.8x — 3.8 


Solve and graph the solution set. 


Ae oe 12) 43. 


44. 5y>15 45, 


el 

eel 

Ya rio ae 

a a 

Mast OS 

Y= 8 =f 

2 1 = 0 
17. (3h 5 =D. 
20.) 3 9 = s 
23. 4x —§8 = 2 + 3% 
26.. 7% — 3 = 67 — 2 
Zo. d+5<3 
32. y+3>-3 
35. 3r+2>2r +2 
38. n — 3.82 = 3.95 
41. 1.2x < 0.2x — 7.3 

OX = 24 

24x > —48 


46. 
48. 
50. 
Solve. 
52. 
55. 
58. 
61. 
64. 
67. 
70. 
73. 
76. 
79. 
82. 
85. 


88. 


91. 


92; 


Solve. 


93. 
96. 
99. 


102. 


16x = 16 
=cye >> (8 


—6b > 24 


Ba 0 
—0.63x < 4.41 


152 6.30 


0:035x<=.— 0.0735 


47. 


49, 


51. 


Oem aaa) 
56. —6x <= —40 
59. —5x =— 
625 a) 
68. -—=x<6 

D 1 
ile 3 < 3 
(4 
ae =x < 
80. py < 
83. 8.4y = —6.72 
86. 2.3x = 5.29 


SOV O07 0:378 


3x > 0 


—2n <= -8 


a an 


54. 


57. 


60. 


63. 


66. 


69. 


72. 


75. 


78. 


81. 


84. 


87. 


90. 
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ee. 


10x > —25 


=:27 x= 0135 
3.7y = —1.48 
=3.0 195 


—11.7x <= 4.68 


In your own words, state the Addition Property of Inequalities and the 
Multiplication Property of Inequalities. 


What differentiates solving linear equations from solving linear 


inequalities? 
ie O sak 
Oyen 2 


3x +2=25x —8 


8x —-9>3x-9 


94, 7x —4< 3x 


97. 8-—3x = 5x 


100. 2n —-9=5n+4 


1035-01080 x) > x 


95. 


98. 


101. 


104. 


Da One 
ORO ae 
5x —-2< 3x -2 


Ke=-02(50) Ex) 
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105. S045%.+ 55° > 010% a2 80 106. —3.6b + 16 < 2.8b + 25.6 107. 267 = 1) Ssx8r 4 
108. “Ox 7) 40 — 7 109, 32x —5) = 8x —5 110, 5% —8 = -—9 
Lidiey2Cyea5) = 3(5: = 2y) 112. 26% — 8) =7G = 3) 
3a — x) > 32x — 5) 114, 4(3d — 1) > 3 — 5d) 
115. 5(x — 2) > 9x = 3Qx% = 4) 116.. 3x — 2(6x — 5) > 4(2x — 1) 
17. 4 35 = 72) =30 — on) 118. 15 — 5(3 — 2x) = 4(x — 3) 
119. 2x — 3(x — 4) =4—2(x - 7) 120. 4+ 2(3 — 2y) < 4(y — 5) — 6y 
1 1 i 2 
121. 5 (9x 10) 5= —, (12 = 6x) 122. 78 — 12a) < 5 (10d + 15) 
2 3 3 3 
123. 3 (t — 15) +4 = 6 + n — 12#) 124. te 30) 9 = 5 (10c ae 
125.346) — 2) — een) | St 4) 126. .2(m +7) = 4(3Gn — 2) — 50. + m)] 


APPLYING CONCEPTS 3.3 


Use the roster method to list the set of positive integers that are solutions of the 
inequality. 


2 ee SLL OU 28. 13 = Sai 264 
129. 20¢ > 3) —6(6>— c) 130. —6(2 — d) = 4(4d — 9) 


Use the roster method to list the set of integers that are common to the solution 
sets of the two inequalities. 


131 1S 8 132.) (6X = 519 -— 
Cie ay 5Xi— 6 OS 
133. 4(¢ -—2)=3x+5 134. 3(4 +2) =20 + 4) 

7x — 3) = 5x —1 A(x + 5) > 3(x + 6) 
Graph. 
1355) (x) 3 136. |x| <4 


137. xis 2 138. |x| >1 
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4 
ie 


focus on Problem Solving 





Graphing Data 


Graphs are very useful in displaying data. Highs and lows can be shown and 
trends observed from the graph. Predictions can then be made for a future time by 
assuming that these trends will continue. 


7 Off-Year i Presidential Year e The bar graph at the left 
» depicts U.S. voter turn- 


out during presidential election 





60% years and during off-year elec- 
tions. 
ae The heights of the bars indicate 
the percents of eligible voters 
40% who cast ballots. 
1. During which presidential 
30% election years was voter 
turnout greater than 60%? 
20% 2. During which off-year elec- 
tions was voter turnout less 
ed than 40%? 


3. During which presidential 
election years was voter 
‘60 ‘62 '64 '66 '68 '70 '72 '74 '76 '78 '80 '82 '84 '86 '88 '90 '92 '94 '96 '98 turnout less than 50%? 





0% 





4, Write a paragraph describ- 
ing any pattern you see in 
the graph. 


5. Using any patterns that you may have observed, make a prediction about 
voter turnout in 2000 and 2002. 


@ The table at the right shows Year Number Year Number 


the number of mobile phone (in millions) (in millions) 
users (in millions) for the years ceca nos eee 
Te er ‘89 eS 4 24.1 
‘90 Oro 5 iene) 
191 7.6 ‘96 44.0 
oD 110 


6. Make a bar graph of the number of mobile phone users. 


7. Note the trend that this bar graph indicates. Do you expect the number of 
mobile phone users to be closer to 48 million, 55 million, or 80 million 
in 1997? 
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Year 


‘80 
‘81 
‘82 
‘83 








p The federal budget deficit (in billions of dollars) since 1980 is shown below. 
¢ The deficits for the years 1997, 1998, and 1999 are estimates made by the 
Office of Management and Budget. 

Deficit Year Deficit Year Deficit Year Deficit Year Deficit 


73.8 84 185.3 ‘88 155.2 92. 290.4 96 =: 107.3 
78.9 ‘85 2125 ‘89 125 95, 2500 7, 67.0 
1279 186.) MDI? ‘90 Bp v2 ‘94 203.1 ‘98 90.0 
207.8 ‘87 149.8 il 269.4 ‘95 1639 199 90.0 
8. Make a bar graph showing the federal budget deficits. 
9. During which consecutive 3-year period was the deficit the greatest? 
10. Write a paragraph describing any pattern you see in the graph. 


> rojects and Group Activities 


Measurements as Approximations 


From arithmetic, you know the rules for rounding decimals. 


If the digit to the right of the given place value is less than 5, that digit and all dig- 
its to the right are dropped. 


6.31 rounded to the nearest tenth is 6.3. 


If the digit to the right of the given place value is greater than or equal to 5, 
increase the given place value by one and drop all digits to its right. 


6.28 rounded to the nearest tenth is 6.3. 


Given the rules for rounding numbers, what range of values can the number 6.3 
represent? The smallest possible number that would be rounded to 6.3 is 6.25; any 
number smaller than that would not be rounded up to 6.3. 


What about the largest possible number that would be rounded to 6.3? The num- 
ber 6.34 would be rounded down to 6.3. So would the numbers 6.349, 6.3499, 
6.349999, and so on. Therefore, we cannot name the largest possible value of 6.3. 
We can say that the number must be less than 6.35. Any number less than 6.35 
would be rounded down to 6.3. 


The exact value of 6.3 is greater than or equal to 6.25 and less than 6.35. 


The dimensions of a rectangle are given as 4.3 cm by 3.2 cm. Using the smallest 
and the largest possible values of the length and of the width, we can represent 
the possible values of the area, A, of the rectangle as follows: 


4.25(3.15) = A < 4.35(3.25) 
133875 =A 141375 


The area is greater than or equal to 13.3875 cm? and less than 14.1375 cm2. 


Solve. 


1. The measurements of the three sides of a triangle are given as 8.37 m, 5.42 m, 
and 9.61 m. Find the possible lengths of the perimeter of the triangle. 


the area of the square. 


6.5 cm by 7.8 cm? 








C hapter Summary 
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2. The length of a side of a square is given as 4.7 cm. Find the possible values for 
3. What are the possible values for the area of a rectangle whose dimensions are 


m 
4. The length of a box is 40 cm, the width is 25 cm, and the height is 8 cm. What 
are the possible values of the volume of the box? 





Key Words 


An equation expresses the equality of two mathematical expres- 
sions. (Objective 3.1.1) 


A solution of an equation is a number that, when substituted for 
the variable, results in a true equation. (Objective 3.1.1) 


To solve an equation means to find a solution of the equa- 
tion. The goal is to rewrite the equation in the form variable = 
constant, because the constant is the solution. (Objective 3.1.2) 


An inequality is an expression that contains the symbol, <, >, 
=or =. (Objective3-3:1) 


The solution set of an inequality is a set of numbers, each element 
of which, when substituted for the variable, results in a true 
inequality. (Objective 3.3.1) 


Essential Rules and Procedures 


The Addition Property of Equations 

The same number or variable term can be added to each side 
of an equation without changing the solution of the equation. 
(Objective 3.1.2) 


The Multiplication Property of Equations 

Each side of an equation can be multiplied by the same 
nonzero number without changing the solution of the equa- 
tion. (Objective 3.1.3) 


To solve an equation of the form ax + b = c or an equation 
of the form ax + b = cx + d, use both the Addition and the 
Multiplication Properties of Equations. (Objectives 3.2.1 and 
32.2) 


5(3x — 2) = 4x + 7 is an equation. 


1 is the solution of the equation 6x — 4 = 2 
because 6(1) — 4 = 2 is a true equation. 


The equation x = —9 is in the form 
variable = constant. The constant, —9, is the 
solution of the equation. 


8x — 1 = 5x + 23 is an inequality. 


The solution set of 8x — 1 = 5x + 23 is 
x = 8 because every number greater than or 
equal to 8, when substituted for the vari- 
able, results in a true inequality. 


x+12=—-19 
Cie calle | Oli) 
x= -31 
—6x = 24 
OG Ze 
eG 
x= —4 


7x —-4=3x+ 16 
7X% = 3x —4 = 3x —3x +16 


4x —-4=16 
4x—-4+4=16+4 

4x = 20 

4x 20 

ey he 


x=5 
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To solve an equation containing parentheses, use the Distrib- 3(2%' =r) = 15 
utive Property to remove parentheses. (Objective 3.2.3) Gpete = 15 
64 — 3 478 = 15 3 
6x =,18 
6x 18 
‘OPI, 
ao 
The Addition Property of Inequalities 
The same number or variable term can be added to each side eK 
of an inequality without changing the solution set of the oO a ae 
inequality. MS23 


ita] 0b, then@ + ¢ > Dicr ¢. 
It e= by) thenag c= b+ ¢. (Objective3.3. 1) 


The Multiplication Property of Inequalities 


(Objective 3.3.2) 

Rule 1 Each side of an inequality can be multiplied by the [Xi 
same positive number without changing the solution Tea nek 
set of the inequality. 7 7 
Ifa >bandc> 0, thenac > be. hee 
Ifa<bandc> 0, then ac < be. 

Rule 2 If each side of an inequality is multiplied by the same —7y = 2] 
negative number and the inequality symbol is ty 94 
reversed, then the solution set of the inequality is not a =7 
changed. wise 3 


Ifa > bandc <0, then ac < be. 
Ifa<bandc <0, thenac > be. 


The Basic Percent Equation 


Percent - Base = Amount 40% of what number is 16? 
PBA 

(Objective 3.1.4) eee 
0.40B = 16 

0.40B 16 

0.40 0.40 

B= 40 
The number is 40. 





hapter Review Exercises 





1. Is3asolution of 5x —-2=4x+ 5? 2. Solve:x —4=16 
3. Solve: 8x = —56 4. Solve: 5x — 6 = 29 


5, Solve: 5x + 3'= 10x = 17 6. Solve: 3(5x + 2) + 2 = 10x + 5[x — Gx — 1)] 


11. 


13. 


15. 


7 


19: 


ZA: 


DS 


25. 


Pa 


29: 


aL. 


33. 


35. 


Oy. 


38. 


Ou: 


40. 


What is 81% of 500? 
27 is what percent of 40? 


Solve and graph the solution set of 
Aarons al. 


Solve:3x% +4 = —8 

Is 2a solution of x7 + 4x +1=3x +7? 
Solve: 5 a 

Solve: l2y — l= 3y +2 


Whavis 665% of 24? 


0.5 is what percent of 3? 


Solve and graph the solution set of 5x = —10. 


Solve: a — . = 5 

Solve: 32 = 9x — 4 — 3x 
Solve: 4x — 12 < x:+ 24 
Solve23x 47. + 4x = 42 


8 is what percent of 200? 


Solve: 5 — 4(x + 9) > 11(12x — 9) 


10. 


12. 


14. 


16. 


18. 


20. 


225 


24. 


26. 


28. 


30. 


O2e 


34. 


36. 
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18 is 72% of what number? 
Crapae = 2 


Solve and graph the solution set of 3x > —12. 


Solve: 7x — 2(x +3) 2x + 10 

solve: 4.6 = 2.14 x 

Solve: 14 + 6x = 17 

Solve: x + 5(3x — 20) = 10(x — 4) 

60 is 48% of what number? 

Solve and graph the solution set of 2 + x < —2. 


Solve: 6x + 3(2x — 1) = —27 


Solve: =a = 12 

Solve: —4[x + 3(x — 5)] = 3(8x + 20) 
What is 5% of 3000? 

Solver 5x — 6 119 


Solve: 6x — 9 < 4x + 3(x + 3) 


Find the measure of the third angle of a triangle if the first angle is 20° and 
the second angle is 50°. Use the equation A + B+ C= 180°, where A, B, and 


C are the measures of the angles of a triangle. 


A lever is 12 ft long. Ata distance of 2 ft from the fulcrum, a force of 120 lb is 
applied. How large a force must be applied to the other end of the lever so 
that the system will balance? Use the lever system equation F,x = F,(d — x). 


Use the equation P = 2L + 2W, where P is the perimeter of a rectangle, L is 
its length, and W is its width, to find the width of a rectangle that has a 


perimeter of 49 ft and a length Of 1S.b ft 


130 


41. 


42. 


43. 


44, 


45. 


11. 
13. 
15. 
17. 


19. 
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Find the discount on a 26-inch, 21-speed dual-index grip-shifting bicycle if 
the sale price is $128 and the regular price is $159.99. Use the equation 
S = R — D, where S is the sale price, R is the regular price, and D is the dis- 


count. 


¢ The number of personal bankruptcy filings in the 
“» United States has been increasing, as illustrated in the 
table at the right. Find the percent increase in the number of 
personal bankruptcy filings from 1996 to 1997. Round to the 


nearest percent. 





Source: Administrative Office of the U.S. Courts 


The pressure at a certain depth in the ocean can be approximated by the 


equation P = 15 + sD, where P is the pressure in pounds per square inch 


and D is the depth in feet. Use this equation to find the depth when the pres- 


sure is 55 lb/in?. 


A lever is 8 ft long. A force of 25 lb is applied to one end of the lever, and a 
force of 15 lb is applied to the other end. Find the location of the fulcrum 
when the system balances. Use the lever system equation F,x = F,(d — x). 


Find the length of a rectangle when the perimeter is 84 ft and the width is 
18 ft. Use the equation P = 2L + 2W, where P is the perimeter of a rectangle, 


L is the length, and W is the width. 


; hapter Test 





Solve: =x = -9 
Solve: 3x — 5 = —14 

il 5 
Solve: x + Be 
Solve: 7 — 4x = —13 
Solve:x — 3 = -8 

3 

Solve: et = 5 
Solve: 6 — 2(5x — 8) = 3x — 4 
Solve: 3(2x — 5) = 8x — 9 
30% of what is 12? 


Solve and graph the solution set of 
2 =O. 


10. 


12. 


14. 


16. 


18. 


20. 


SOLVES 6 DX = 00 LL 

Is —2 a solution of x? — 3x = 2x — 6? 

Solve: 5x — 2(4x — 3) = 6x + 9 

Solve: 11 — 4x = 2x + 8 

Solve: 3x — 2 = 5x +8 

Solve: 6%/= 32 = 3x) =40n= 7) 

Solve: 9°=—30x — 5) =12 = 5x 

20 is what percent of 16? 

Graph ae a) 

3 


Solve and graph the solution set of x BE a: 
\ 


21. 


235 


25. 


27. 


29. 


eI 


32. 


33. 


Li: 


i arteaelt 
Solve: x + oe 


Solve: =x =6 © 


22s 


24. 
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Solve: 3(x — 7) = 5x — 12 


Solve: 4x — 2(3 — 5x) = 6x + 10 


Solve: 3(2x — 5) = 8x — 9 20. oOlVesl > —o(0X— 7) = 07 x) 
Solve: —6x + 16 = —2x 28. 20 is 83% of what number? 
Solve and graph the solution set of ox =) 30. Is5a solution of x* + 2x + 1 = (x + 1)? 


A person’s weight on the moon is 16=% of the person’s weight on Earth. If 


an astronaut weighs 180 Ib on Earth, how much would the astronaut weigh 
on the moon? 


A chemist mixes 100 g of water at 80°C with 50 g of water at 20°C. Use the 
equation m, - (T; — T) = m, - (T — T,) to find the final temperature of the 
water after mixing. In this equation, m, is the quantity of water at the hotter 
temperature, T; is the temperature of the hotter water, m, is the quantity of 
water at the cooler temperature, T, is the temperature of the cooler water, and 
T is the final temperature of the water after mixing. 


A financial manager has determined that the cost per unit for a calculator is 
$15 and that the fixed costs per month are $2000. Find the number of calcu- 
lators produced during a month in which the total cost was $5000. Use the 
equation T = U- N + F, where T is the total cost, U is the cost per unit, N is 


the number of units produced, and F is the fixed cost. 





_umulative Review Exercises 





Subtract: —6 — (—20) — 8 2. Multiply: (—2)(—6)(—4) 

a2 g 4. Divide: -2= + 12 
Subtract: ae (-Z) : BS 

: sete 5-2) 
Simplify: —4? - (-3) 6. CiMplity2 oe 2. a ; — (-2) 
Evaluate 3(a — c) — 2ab, when a = 2,b = 3, 8, olmplify: 3x — Sx 4 (— 12%) 
andc = —4. 
5 3 1 

Simplify: 2a — (—3b) — 7a — 5b 10. Simplify: (16x) (:) 
Simplify: —4(—9y) d2eounplitves 2 tox 2) 
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13. Simplify: —2(¢ 93) 24) 14. Simplify: —3[27 —4@'— 3) 


Be aie : 5 : 
15. Use the roster method to write the set of nega- 16. Write 3 as a percent. Write the remainder in 


tive integers greater than —8. feactonal rou 


17. Write 342% as a decimal. 18. Write 625% as a fraction. 

19. Is —3asolution of x* + 6x +9=x + 3? 20.. ‘Solve:x =4i= —9 

21. Solve: 2x = —15 22. Solve: 13 — 9x = -14 

23. Solve:sx —-8 = 12x + 13 24. Solve: 8x — 3(4x — 5) = —2x - 11 
25; oolve: 2x = : 26. . Solve: 5x — 4234-6 


yp, ‘Soles Sue ae 1U/ < See = il 


28. Translate “the difference between eight and the quotient of a number and 
twelve” into a variable expression. 


29. Translate and simplify “the sum of a number and two more than the num- 
bern? 


30. Aclub treasurer has some five-dollar bills and some ten-dollar bills. The trea- 
surer has a total of 35 bills. Use one variable to express the number of each 
denomination of bill. 


31. Aire is cut into two pieces. The length of the longer piece is four inches less 
than three times the length of the shorter piece. Express the length of the 
longer piece in terms of the length of the shorter piece. 


32. A computer programmer receives a weekly wage of $650, and $110.50 is 
deducted for income tax. Find the percent of the computer programmer’s 
salary deducted for income tax. 


33. The world record time for a 1-mile race can be approximated by the equation 
t = 17.08 — 0.0067y, where t¢ is the time in minutes and y is the year of the 
race. Use this equation to predict the year in which the first “4-minute mile” 
was run. (The actual year was 1954.) Round to the nearest whole number. 


34. A chemist mixes 300 g of water at 75°C with 100 g of water at 15°C. Use the 
equation m, - (T, — T) = m, - (T — T,) to find the final temperature of the 
water. In this equation, m, is the quantity of water at the hotter temperature, 
T, is the temperature of the hotter water, m, is the quantity of water at the 
cooler temperature, T, is the temperature of the cooler water, and T is the 
final temperature of the water after mixing. 


35. A lever is 25 ft long. At a distance of 12 ft from the fulcrum, a force of 26 lb is 
applied. How large a force must be applied to the other end of the lever so 
that the system will balance? 





The human resources department of a 
company Is involved in all areas of a 
company’s dealings and relationships 
with its employees. One member of 
this department is the employee 
benefits manager, who Is responsible 
for the selection and administration of 
such company programs as retirement 
packages, profit-sharing plans, and 
group medical insurance. Because a 
benefits officer must compare benefits 
packages, an understanding of 
inequalities is important. 
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OBJECTIVES 


Translate a sentence into an equation and solve 
Application problems 

Consecutive integer problems 

Coin and stamp problems 

Perimeter problems 


Problems involving angles formed by 
intersecting lines | 


Problems involving the angles of a triangle — 
Markup problems 

Discount problems 

Investment problems 

Value mixture problems 

Percent mixture problems 

Uniform motion problems 


Applications of inequalities 
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Word Problems . 





Word problems have been challenging students of mathematics foralong _ 
time. Here are two types of problems you may have seen before. 


A number added to . of the number is 19. What is the number? 


A dog is chasing a rabbit that has a head start of 150 feet. 
The dog jumps 9 feet every time the rabbit jumps 7 feet. In how 
many jumps will the dog catch up with the rabbit? _ 


What is unusual about these problems is their age. The first. 
one is about 4000 years old and occurred as Problem 1 in the 
Rhind Papyrus. The second problem is about 1550 years old 
and comes from a Latin algebra book written in 450 A.D. _ 


These examples illustrate that word problems have been 
around for a long time. The long history of word problems also 
reflects the importance that each generation has placed on 
solving these problems. It is through word problems that the 
initial steps of applying mathematics are taken. 


The answer to the first problem is 162. 





The answer to the second problem is 75 jumps. 
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SECTION 41 
Translating Sentences into 
Equations 





BE Translate a sentence into an equation (i 
and solve 


An equation states that two mathematical expressions are equal. Therefore, to 
translate a sentence into an equation requires recognizing the words or phrases 
that mean “equals.” Besides “equals,” some of these phrases are “is,” “is equal to,” 
“amounts to,” and “represents.” 


Once the sentence is translated into an equation, the equation can be solved by 
rewriting the equation in the form variable = constant. 


Example 1 Translate “two times the sum of a number and eight equals the 
sum of four times the number and six” into an equation and 





solve. 
Solution the unknown number: 1 > Assign a variable to the un- 
known quantity. 
feo times thasurn OF > Find two verbal expressions for 
the sum of equals four times the same value. 
a number the number 
and eight and six 
2(n + 8) =4n + 6 > Write a mathematical expres- 


sion for each verbal expression. 
Write the equals sign. 


2n + 164 +6 > Solve the equation. 
2 Aan 16 =40— 4n + 6 
= eel = 6 
iil slo = 6 16 

aa aN) 

= S10 

2° -2 
i =r 


The number is 5. 


Problem 1_ Translate “nine less than twice a number is five times the sum of 
the number and twelve” into an equation and solve. 





Solution See page S6. 


Application problems Cy 


4740° less than the temperature on the Fahrenheit scale. Find the 


| Example 2 The temperature of the sun on the Kelvin scale is 6500 K. This is 
Fahrenheit temperature. 
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Strategy 


Solution 


Problem 2 


le Solution 


™ Example 3 


LOOK CLOSELY . Strategy 


We could also let x represent ; 
the length of the longer piece ; 
and 10 — x represent the , 
length of the shorter piece. ; 
Then our equation would be 
3(10 — x) = 2x Solution 
Show that this equation ; 
results in the same solutions. 


Problem 3 


ions Solution 


To find the Fahrenheit temperature, write and solve an equation 
using F to represent the Fahrenheit temperature. 


4740° less than 
6500 | is | the Fahrenheit 
temperature 


6500 = F — 4740 
6500 + 4740 = F — 4740 + 4740 
11,240 =F 


The temperature of the sun is 11,240°F. 


A molecule of octane gas has eight carbon atoms. This represents 
twice the number of carbon atoms in a butane gas molecule. Find 
the number of carbon atoms in a butane molecule. 


See page S7. 


A board 10 ft long is cut into two pieces. Three times the length 
of the shorter piece is twice the length of the longer piece. Find 
the length of each piece. 


Draw a diagram. To find the length 
of each piece, write and solve an 
equation using x to represent the 
length of the shorter piece and 
10 — x to represent the length of the 
longer piece. 


three times the | j, | twice the 
shorter piece longer piece 





3x = 2(10 — x) 
See 205 2x 
AN te Ose Oe Neco 
ee =U) 
20) 
Ss: 
_ 4 > The length of the shorter piece 


is 4 ft. 

10 -x=10-—4=6 > Substitute the value of x into 
the variable expression for the 
longer piece and evaluate. 


The length of the shorter piece is 4 ft. The length of the longer 
piece is 6 ft. 


A company manufactures 160 bicycles per day. Four times the 
number of 3-speed bicycles made equals 30 less than the number 
of 10-speed bicycles made. Find the number of 10-speed bicycles 
manufactured each day. 


See page S7. 


Section 4.1 / Translating Sentences into Equations 137 


STUDY TIPS 








CONCEPT REVIEW 4.1 





Determine whether the statement is always true, sometimes true, or never true. 


1. When two expressions represent the same value, we say that the expressions 
are equal to each other. 


2. Both “four less than a number” and “the difference between four and a num- 
ber” are translated as “4 — n.” 


3. When translating a sentence into an equation, we can use any variable to rep- 
resent an unknown number. 


4. When translating a sentence into an equation, translate the word “is” as “=.” 


5. Ifa rope 19 in. long is cut into two pieces and one of the pieces has length x 
in., then the length of the other piece can be expressed as (x — 19) in. 


6. In addition to a number, the answer to an application problem must have 
units, such as meters, dollars, minutes, or miles per hour. 





EXERCISES 4.1 


EY Translate into an equation and solve. 


1. The difference between a number and fifteen is seven. Find the number. 

2. The sum of five and a number is three. Find the number. 

3. The product of seven and a number is negative twenty-one. Find the number. 
4, The quotient of a number and four is two. Find the number. 


5. Four less than three times a number is five. Find the number. 
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11. 


12. 


13. 


14. 


15. 


16. 


17. 


18. 


19. 


20. 


21. 


ee 
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The difference between five and twice a number is one. Find the number. 
Four times the sum of twice a number and three is twelve. Find the number. 


Twenty-one is three times the difference between four times a number and 
five. Find the number. 


Twelve is six times the difference between a number and three. Find the 
number. 


The difference between six times a number and four times the number is neg- 
ative fourteen. Find the number. 


Twenty-two is two less than six times a number. Find the number. 
Negative fifteen is three more than twice a number. Find the number. 


Seven more than four times a number is three more than two times the num- 
ber. Find the number. 


The difference between three times a number and four is five times the num- 
ber. Find the number. 


Eight less than five times a number is four more than eight times the num- 
ber. Find the number. 


The sum of a number and six is four less than six times the number. Find the 
number. 


Twice the difference between a number and twenty-five is three times the 
number. Find the number. 


Four times a number is three times the difference between thirty-five and the 
number. Find the number. 


The sum of two numbers is twenty. Three times the smaller is equal to two 
times the larger. Find the two numbers. 


The sum of two numbers is fifteen. One less than three times the smaller is 
equal to the larger. Find the two numbers. 


The sum of two numbers is eighteen. The total of three times the smaller and 
twice the larger is forty-four. Find the two numbers. 


The sum of two numbers is two. The difference between eight and twice the 
smaller number is two less than four times the larger. Find the two numbers. 
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Write an equation and solve. 


23. 


24. 


25. 


26. 


aie 


28. 


29: 


30. 


31. 


o2. 


33. 


Depreciation As a result of depreciation, the value of a car is now $9600. 
This is three-fifths of its original value. Find the original value of the car. 


Computers The operating speed of a personal computer is 80 megahertz. 
This is one-third the speed of a newer model. Find the speed of the newer 
personal computer. 


Computers The storage capacity of a hard-disk drive is 0.5 gigabyte. This is 
one-fourth of the storage capacity of a second hard-disk drive. Find the stor- 
age capacity of the second hard-disk drive. 


Nutrition One slice of cheese pizza contains 290 calories. A medium-size 
orange has one-fifth that number of calories. How many calories are in a 
medium-size orange? 


Safety Loudness, or the intensity of sound, is measured in decibels. The 
sound level of a television is about 70 decibels, which is considered a safe 
hearing level. A food blender runs at 20 decibels higher than a TV, and a jet 
engine’s decibel reading is 40 less than twice that of a blender. At this level, 
exposure can cause hearing loss. Find the intensity of the sound of a jet 
engine. 


Education A university employs a total of 600 teaching assistants and 
research assistants. There are three times as many teaching assistants as 
research assistants. Find the number of research assistants employed by the 
university. 


Agriculture A soil supplement that weighs 24 lb contains iron, potassium, 
and a mulch. There is five times as much mulch as iron and twice as much 
potassium as iron. Find the amount of mulch in the soil supplement. 


Commissions A real estate agent sold two homes and received commis- 
sions totaling $6000. The agent’s commission on one home was one and one- 
half times the commission on the second home. Find the agent’s commission 
on each home. 


Consumerism The purchase price of a new big-screen TV, including finance 
charges, was $3276. A down payment of $450 was made. The remainder was 
paid in 24 equal monthly installments. Find the monthly payment. 


Consumerism The purchase price of a new computer system, including 
finance charges, was $6350. A down payment of $350 was made. The remain- 
der was paid in 24 equal monthly installments. Find the monthly payment. 


Consumerism The cost to replace a water pump in a sports car was $600. 
This included $375 for the water pump and $45 per hour for labor. How 
many hours of labor were required to replace the water pump? 
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35. 


36. 


37. 


38. 


39: 


40. 


41. 


42. 


43. 
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Utilities The cost of electricity in a certain city is $.08 for each of the first 
300 kWh (kilowatt-hours) and $.13 for each kWh over 300 kWh. Find the 
number of kilowatt-hours used by a family that receives a $51.95 electric bill. 


Consumerism The fee charged by a ticketing agency for a concert is $3.50 
plus $17.50 for each ticket purchased. If your total charge for tickets is $161, 
how many tickets are you purchasing? 


Construction The length of a rectangular cement patio is 3 ft less than three 
times the width. The sum of the length and width of the patio is 21 ft. Find 
the length of the patio. 


Geometry Greek architects considered a rectangle whose length was 
approximately 1.6 times its width to be the most visually appealing. Find the 
length and width of a rectangle constructed in this manner if the sum of the 
length and width is 130 ft. 


Computers Acomputer screen consists of tiny dots of light called pixels. In 
a certain graphics mode, there are 640 horizontal pixels. This is 40 more than 
three times the number of vertical pixels. Find the number of vertical pixels. 


Labor Unions A union charges monthly dues of $4.00 plus $.15 for each 
hour worked during the month. A union member’s dues for March were 
$29.20. How many hours did the union member work during the month of 
March? 


Business The cellular phone service for a business executive is $35 per 
month plus $.40 per minute of phone use. In a month when the executive’s 
cellular phone bill was $99.80, how many minutes did the executive use the 
phone? 


Business A technical information hotline charges a customer $9.00 plus $.50 
per minute to answer questions about software. How many minutes did a 
customer who received a bill for $14.50 use this service? 


Metalwork A wire 12 ft long is cut into two pieces. Each piece is bent into 
the shape of a square. The perimeter of the larger square is twice the perime- 
ter of the smaller square. Find the perimeter of the larger square. 


Carpentry A carpenter is building a wood door frame. The height of the 
frame is 1 ft less than three times the width. What is the width of the largest 
door frame that can be constructed from a board 19 ft long? (Hint: A door 
frame consists of only three sides; there is no frame below a door.) 


Carpentry A 20-foot board is cut into two pieces. Twice the length of the 
shorter piece is 4 ft more than the length of the longer piece. Find the length 
of the shorter piece. 


1.6W 


|}. 12 ft ————___ 4} 
ee tee 
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APPLYING CONCEPTS 4.1 





45. The amount of liquid in a container triples every minute. The container 
becomes completely filled at 3:40 p.m. What fractional part of the container is 
filled at 3:39 PM.? 


46. Travel A cyclist traveling at a constant speed completes : of a trip in 15 h. 


In how many additional hours will the cyclist complete the entire trip? 


47. Consumerism The charges for a long-distance telephone call are $1.21 for 
the first 3 minutes and $.42 for each additional minute or fraction of a 
minute. If the charges for a call were $6.25, how many minutes did the phone 
call last? Round up to the nearest whole number. 


48. Wages Four employees are paid at four consecutive levels on a wage scale. 
The difference between any two consecutive levels is $320 per month. The 
average of the four employees’ monthly wages is $2880. What is the monthly 
wage of the highest-paid employee? 


49. Coins Acoin bank contains nickels, dimes, and quarters. There are 14 nick- 
: 1 : 3 S . 
els in the bank, é of the coins are dimes, and 5 of the coins are quarters. How 


many coins are in the coin bank? 


50. Business During one day at an office, one-half of the amount of money in 
the petty cash drawer was used in the morning, and one-third of the remain- 
ing money was used in the afternoon, leaving $5 in the petty cash drawer at 
the end of the day. How much money was in the petty cash drawer at the 
start of the day? 


51. A formula is an equation that relates variables in a known way. Find two 
examples of formulas that are used in your college major. Explain what 
each of the variables represents. 





SECTION 4.2 
Integer, Coin, and Stamp 
Problems 


3 


Pee 
EH Consecutive integer problems (CPD fee 


Reeall'that the integzersvare the*mumbers..., —3, —2, —1,0,1,2,3,4,.... 


An even integer is an integer that is divisible by 2. Examples of even integers are 
= 8,0) anne 22, 


An odd integer is an integer that is not divisible by 2. Examples of odd integers 
are — 17, lpand 39: 
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Consecutive integers are integers that follow one an- 12S 

other in order. Examples of consecutive integers are Oye 7 7-0 

shown at the right. (Assume the variable n represents an iy heal Lee 

integer.) 

Examples of consecutive even integers are shown at the 24, 26, 28 

right. (Assume the variable 1 represents an even integer.) =i0), =6), 6 
it ten, + ae 

Examples of consecutive odd integers are shown at the 197721923 

right. (Assume the variable n represents an odd integer.) mies 


Ny ne relia +e 


Solve: The sum of three consecutive odd integers is 51. Find the integers. 


STRATEGY for solving a consecutive integer problem 





mm Let a variable represent one of the integers. Express each of the other 
integers in terms of that variable. Remember that consecutive integers 
differ by 1. Consecutive even or consecutive odd integers differ by 2. 


First odd integer: 1 
Second odd integer: 1 + 2 
Third odd integer: 1 + 4 





m= Determine the relationship among the integers. 


The sum of the three odd integers is 51. 


wen 2) + 4) = 51 


3n+6=51 
3n = 45 
n=15 


n+2=15+2=17 _ > Substitute the value of n into the variable expressions for the 
n+4=15+4=19 second and third integers. 


The three consecutive odd integers are 15, 17, and 19. 


r Exantpled Find three consecutive even integers such that three times the 
' second is six more than the sum of the first and third. 


Strategy ™ First even integer: n 
Second even integer: n + 2 
Third even integer: n + 4 | 
™= Three times the second equals six more than the sum of the 
first and third. 


Coin and stamp problems 


LOOK CLOSELY 


Use the information given in 
the problem to fill in the 
number and value columns of 
the table. Fill in the total value 
column by multiplying the two 
expressions you wrote in 
each row. 
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Solution 3(n + 2)=n+(n+4)+6 
3n + 6=2n + 10 
n+6=10 
n=4 > The first even integer is 4. 
Hie s4e te 6 > Substitute the value of 1 into the 
n+4=44+4=8 variable expressions for the second 
and third integers. 
The three consecutive even integers are 4, 6, and 8. 
Problem 1 Find three consecutive integers whose sum is —12. 
Solution See page S7. 





In solving problems that deal with coins or stamps of different values, it is neces- 
sary to represent the value of the coins or stamps in the same unit of money. Fre- 
quently, the unit of money is cents. 


The value of 3 quarters in cents is 3 - 25 or 75 cents. 
The value of 4 nickels in cents is 4 - 5 or 20 cents. 
The value of d dimes in cents is d - 10 or 10d cents. 


Solve: A coin bank contains $1.20 in dimes and quarters. In all, there are nine 
coins in the bank. Find the number of quarters in the bank. 


STRATEGY for solving a coin problem 





m= For each denomination of coin, write a numerical or variable expression 
_ for the number of coins, the value of the coin in cents, and the total value 
of the coins in cents. The results can be recorded in a table. 


The total number of coins is 9. 


Number of quarters: x 
Number of dimes: 9 — x 














Number Value of coin Total value 
Coin of coins in cents in cents 
foun [x [pm [=p 
pone [o== [| [= a0 — 








=a Determine the relationship between the total values of the different coins. 
Use the fact that the sum of the total values of the different de- 
“nominations of coins is equal to the total value of all the coins. 
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The sum of the total values of the different denominations of coins is equal to the 
total value of all the coins (120 cents). 


25x + 10(9 — x) =120 » The total value of the quarters plus the total value of the 
25x + 90 — 10x = 120 dimes equals the amount of money in the bank. 


15x + 90 = 120 
15x = 30 
x=2 


There are 2 quarters in the bank. 


Example 2 A collection of stamps consists of 3¢ stamps and 8¢ stamps. The 
number of 8¢ stamps is five more than three times the number of 
3¢ stamps. The total value of all the stamps is $1.75. Find the 
number of each type of stamp in the collection. 


Strategy ™ Number of 3¢ stamps: x 
Number of 8¢ stamps: 3x + 5 












Stamp | Number Total value 
5 


m= The sum of the total values of the different types of stamps 
equals the total value of all the stamps (175 cents). 





Solution 3x + 86x +5)=175 > The total value of the 3¢ stamps plus the 


3x + 24x + 40 = 175 total value of the 8¢ stamps equals the 
27, + A) = 175 total value of all the stamps. 
27x"="135 
i= 5 
3x 5 = 3(5) 4:5 > Find the number of 8¢ stamps. 
=15+5=20 


There are five 3¢ stamps and twenty 8¢ stamps in the collection. 


Problem 2  Acoin bank contains nickels, dimes, and quarters. There are five 
times as many nickels as dimes and six more quarters than 
dimes. The total value of all the coins is $6.30. Find the number 
of each kind of coin in the bank. 





Solution See page S7. 


Section 4.2 / Integer, Coin, and Stamp Problems 145 








CONCEPT REVIEW 4.2 





Determine whether the statement is always true, sometimes true, or never true. 


1. An even integer is a multiple of 2. 


2. When 10d is used to represent the value of d dimes, 10 is written as the coef- 
ficient of d because it is the number of cents in one dime. 


3. Given the consecutive odd integers —5 and —3, the next consecutive odd 
integer is —1. 


4. If the first of three consecutive odd integers is n, then the second and third 
consecutive odd integers are represented as + landn + 3. 


5. You have a total of 20 coins in nickels and dimes. If n represents the number 
of nickels you have, then n — 20 represents the number of dimes you have. 


6. You have a total of 7 coins in dimes and quarters. The total value of the 
coins is $1.15. If d represents the number of dimes you have, then 


10d + 25(7 — dy) = 1.15. 
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EXERCISES 4.2 


EY Consecutive Integer Problems 


ic yf Explain how to represent three consecutive integers using only one 
variable. 


Ze y Explain why both consecutive even integers and consecutive odd inte- 
gers are represented algebraically asn,n + 2,n + 4,.... 


3. The sum of three consecutive integers is 54. Find the integers. 

4. The sum of three consecutive integers is 75. Find the integers. 

5. The sum of three consecutive even integers is 84. Find the integers. 
6. The sum of three consecutive even integers is 48. Find the integers. 
7. The sum of three consecutive odd integers is 57. Find the integers. 
8. The sum of three consecutive odd integers is 81. Find the integers. 


9. Find two consecutive even integers such that five times the first is equal to 
four times the second. 


10. Find two consecutive even integers such that six times the first equals three 
times the second. 


11. Nine times the first of two consecutive odd integers equals seven times the 
second. Find the integers. 


12. Five times the first of two consecutive odd integers is three times the second. 
Find the integers. 


13. Find three consecutive integers whose sum is negative twenty-four. 
14. Find three consecutive even integers whose sum is negative twelve. 


15. Three times the smallest of three consecutive even integers is two more than 
twice the largest. Find the integers. 


16. Twice the smallest of three consecutive odd integers is five more than the 
largest. Find the integers. 


17. Find three consecutive odd integers such that three times the middle integer 
is six more than the sum of the first and third. 


18. Find three consecutive odd integers such that four times the middle integer 
is equal to two less than the sum of the first and third. 
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Coin and Stamp Problems 


no: 


20. 


aA. 


Dos 


Zo. 


24. 


Ds 


26. 


27. 


28. 


29. 


30. 


31. 


Explain how to represent the total value of x nickels using the equation 


Number of coins - Value of the coin in cents = Total value in cents. 


y Suppose a coin purse contains only dimes and quarters. In the context of 

this situation, explain the meaning of the statement “The sum of the 
total values of the different denominations of coins is equal to the total value 
of all the coins.” 


A bank contains 27 coins in dimes and quarters. The coins have a total value 
of $4.95. Find the number of dimes and quarters in the bank. 


A coin purse contains 18 coins in nickels and dimes. The coins have a total 
value of $1.15. Find the number of nickels and dimes in the coin purse. 


A business executive bought 40 stamps for $12.40. The purchase included 
33¢ stamps and 23¢ stamps. How many of each type of stamp were bought? 


A postal clerk sold some 33¢ stamps and some 23¢ stamps. Altogether, 
15 stamps were sold for a total cost of $4.35. How many of each type of stamp 
were sold? 


A drawer contains 29¢ stamps and 3¢ stamps. The number of 29¢ stamps is 
four less than three times the number of 3¢ stamps. The total value of all the 
stamps is $1.54. How many 29¢ stamps are in the drawer? 


The total value of the dimes and quarters in a bank is $6.05. There are six 
more quarters than dimes. Find the number of each type of coin in the bank. 


A child’s piggy bank contains 44 coins in quarters and dimes. The coins have 
a total value of $8.60. Find the number of quarters in the bank. - 


A coin bank contains nickels and dimes. The number of dimes is 10 less than 
twice the number of nickels. The total value of all the coins is $2.75. Find the 
number of each type of coin in the bank. 


A total of 26 bills are in a cash box. Some of the bills are one-dollar bills, and 
the rest are five-dollar bills. The total amount of cash in the box is $50. Find 
the number of each type of bill in the cash box. 


A bank teller cashed a check for $200 using twenty-dollar bills and ten- 
dollar bills. In all, twelve bills were handed to the customer. Find the num- 
ber of twenty-dollar bills and the number of ten-dollar bills. 


A coin bank contains pennies, nickels, and dimes. There are six times as 
many nickels as pennies and four times as many dimes as pennies. The total 
amount of money in the bank is $7.81. Find the number of pennies in the 
bank. 
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32. Acoin bank contains pennies, nickels, and quarters. There are seven times as 
many nickels as pennies and three times as many quarters as pennies. The 
total amount of money in the bank is $5.55. Find the number of pennies in 
the bank. 


33. Acollection of stamps consists of 22¢ stamps and 40¢ stamps. The number of 
22¢ stamps is three more than four times the number of 40¢ stamps. The total 
value of the stamps is $8.34. Find the number of 22¢ stamps in the collection. 


34. Acollection of stamps consists of 2¢ stamps, 8¢ stamps, and 14¢ stamps. The 
number of 2¢ stamps is five more than twice the number of 8¢ stamps. The 
number of 14¢ stamps is three times the number of 8¢ stamps. The total value 
of the stamps is $2.26. Find the number of each type of stamp in the collec- 
tion. 


35. Acollection of stamps consists of 3¢ stamps, 7¢ stamps, and 12¢ stamps. The 
number of 3¢ stamps is five less than the number of 7¢ stamps. The number 
of 12¢ stamps is one-half the number of 7¢ stamps. The total value of all the 
stamps is $2.73. Find the number of each type of stamp in the collection. 


36. Acollection of stamps consists of 2¢ stamps, 5¢ stamps, and 7¢ stamps. There 
are nine more 2¢ stamps than 5¢ stamps and twice as many 7¢ stamps as 
5¢ stamps. The total value of the stamps is $1.44. Find the number of each 
type of stamp in the collection. 


37. Acollection of stamps consists of 6¢ stamps, 8¢ stamps, and 15¢ stamps. The 
number of 6¢ stamps is three times the number of 8¢ stamps. There are six 
more 15¢ stamps than there are 6¢ stamps. The total value of all the stamps 
is $5.16. Find the number of each type of stamp. 


38. A child’s piggy bank contains nickels, dimes, and quarters. There are twice 
as many nickels as dimes and four more quarters than nickels. The total 
value of all the coins is $9.40. Find the number of each type of coin. 


APPLYING CONCEPTS 4.2 


39. Find four consecutive even integers whose sum is —36. 
40. Find four consecutive odd integers whose sum is —48. 


41. Acoin bank contains only dimes and quarters. The number of quarters in the 
bank is two less than twice the number of dimes. There are 34 coins in the 
bank. How much money is in the bank? 


42. A postal clerk sold twenty stamps to a customer. The number of 33¢ stamps 
purchased was two more than twice the number of 23¢ stamps purchased. If 
the customer bought only 33¢ stamps and 23¢ stamps, how much money did 
the clerk collect from the customer? 
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43. Find three consecutive odd integers such that the sum of the first and third 


is twice the second. 


44. Find four consecutive integers such that the sum of the first and fourth 
equals the sum of the second and third. 





SEC TrION 43 


POINT OF INTEREST 


Leonardo da Vinci painted . 
the Mona Lisa ona 
rectangular canvas whose 
height was approximately 1.6 
times its width. Rectangles 
with these proportions, called 
golden rectangles, were used 
extensively in Renaissance 
art. 


Geometry Problems 
cpm heat 
Perimeter problems C3 


The perimeter of a plane geometric figure is a measure of the distance around the 
figure. Perimeter is used, for example, in buying fencing for a lawn and in deter- 
mining how much baseboard is needed for a room. 


The perimeter of a triangle is the sum of the 
lengths of the three sides. Therefore, if a, b, 


and c represent the lengths of the sides of a . . 

triangle, the perimeter, P, of the triangle is 

given by P= 4 4D nic. c 
Pee G 


Two special types of triangles are shown below. An isoceles triangle has two sides 
of equal length. The three sides of an equilateral triangle are of equal length. 


g 
G 
A B A B 
Isosceles triangle Equilateral triangle 
AC = BC AB = AC = BC 
The perimeter of a rectangle is the sum of the L 
lengths of the four sides. Let L represent the 
length and W represent the width of a rectan- W W 
gle. Then the perimeter, P, of the rectangle is 
given by P=L + W +L + W. Combine like L 
terms and the formula is P = 2L + 2W. P=2L+2W 
A square is a rectangle in which each side has 2 
the same length. Let s represent the length of 
S' S 


each side of a square. Then the perimeter, P, 
of the square is given by P=st+s+tsts5. 
Combine like terms and the formula is Aan 
P = 4s. j 
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2W+1 


W 


Formulas for Perimeters of Geometric Figures 





Perimeter of a triangle P=at+b4+e 
Perimeter of a rectangle P= 20 2 
Perimeter of a square P = 4s 


©) The perimeter of a rectangle is 26 ft. The length of the rectangle is 1 ft more than 


| 
2 
) 
| 
: 
| 
| 


| 
| 
| 


f 
tee 


twice the width. Find the width and length of the rectangle. 


Strategy 
Let a variable represent the width. Width: W 
Represent the length in terms of that variable. Length: 2W + 1 
Use the formula for the perimeter of a rectangle. 
Solution 
P= 2 2 
P = 26. Substitute 2W +21 for L: 26 = 22W Fa 2W 
Use the Distributive Property. 26 =4W+2+ 2W 
Combine like terms. 20 == OV 2 
Subtract 2 from each side of the equation. 24 = 6W 
Divide each side of the equation by 6. 4=W 
Find the length of the rectangle by substituting 4 b= Wet 
for Win 2W + 1. = 2(44)+1=8+1=9 
The width is 4 ft. The length is 9 ft. = 
Example 1 The perimeter of an isosceles triangle is 25 ft. The length of the 


third side is 2 ft less than the length of one of the equal sides. 
Find the measures of the three sides of the triangle. 


Strategy ™ Each equal side: x 
The third side: x — 2 
™= Use the equation for the perime- 
ter of a triangle. 


Solution P=a+b+c 
23 = Xt Met 2) 





25 = 3x -— 2 
27 = 3x 
9=*x 


x—2=9-2=7 > Substitute the value of x into the variable 
expression for the length of the third side. 


Each of the equal sides measures 9 ft. 
The third side measures 7 ft. 


Problem 1 A carpenter is designing a square patio with a perimeter of 52 ft. 
What is the length of each side? 


Solution See page S7. 


Ax 


360° 


Bye 
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Problems involving angles formed by (y F ‘| 
intersecting lines 


A unit used to measure angles is the degree. The symbol for degree is °. Z is the 
symbol for angle. 


One complete revolution is 360°. It is probable that the Babylonians chose 360° for 
a circle because they knew that there are 365 days in one year, and 360 is the clos- 
est number to 365 that is divisible by many numbers. 


A 90° angle is called a right angle. The sym- 
bol 4 represents a right angle. Angle C (ZC) 90° 
C 


is a right angle. 


A 180° angle is called a straight angle. The sade 
angle at the right is a straight angle. G 


An acute angle is an angle whose measure is 
between 0° and 90°. ZA at the right is an 
acute angle. 


An obtuse angle is an angle whose measure 
is between 90° and 180°. ZB at the right is an 
obtuse angle. . 


©) Given the diagram at the left, find x. 


Strategy The sum of the measures of the three angles is 360°. 
To find x, write an equation and solve for x. 


Solution 3x + 4x + 5x = 360° 


12x = 360° 
x = 30° 
The measure of x is 30°. @ 


Complementary angles are two angles 

whose measures have the sum 90°. 

Ja Daria a7 eet 2) = OU 70° 
D 


a 20° 
ZD and ZE are complementary angles. 

Supplementary angles are two angles 130° 

whose measures have the sum 180”. 50° 
LF + LG = 130° + 50° = 180° : os 

ZF and ZG are supplementary angles. 


™ Example 2 Find the complement of a 39° angle. 


Strategy To find the complement, let x represent the complement of a 
39° angle. Use the fact that complementary angles are two angles 
whose sum is 90° to write an equation. Solve for x. 
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Solution 39° + x = 90° 
x = 51° >» Subtract 39 from each side of the equation. 
The complement of a 39° angle is a 51° angle. 


Problem 2 Find the supplement of a 107° angle. 


§ LSS AOREE SUES ISOLE TLE 


Solution See page S8. 


Parallel lines never meet. The distance err 


between them is always the same. The sym- 
bol || means “is parallel to.” In the figure at 
the right, ¢; || ¢). 


an 


Perpendicular lines are intersecting lines i 

that form right angles. The symbol | means 

“is perpendicular to.” In the figure at the 

right, p 1 q. q 





Four angles are formed by the intersection of two lines. If the two lines are per- 
pendicular, then each of the four angles is a right angle. If the two lines are not per- 
pendicular, then two of the angles formed are acute angles and two of the angles 
are obtuse angles. The two acute angles are always opposite each other, and the 
two obtuse angles are always opposite each other. 


In the figure at the right, 2w and Zy are 
acute angles, and 2x and Zz are obtuse 
angles. 





Two angles that are on opposite 
sides of the intersection of two 
lines are called vertical angles. Ver- Vertical angles have the same measure. 
tical angles have the same measure. 
Zw and Zy are vertical angles. 2x 
and Zz are vertical angles. 


LAU aly 
LK Ez 


Two angles that share a common 
side are called adjacent angles. For 
the figure shown above, Zx and Zy 


Adjacent angles of intersecting lines 
are supplementary angles. 


are adjacent angles, as are Zy and Lak y= NO). 
Zz, Zz and Zw, and Zw and 2x: Zy + Zz = 180° 
Adjacent angles of — intersecting Le LO = ABO" 


lines are supplementary angles. LOA NSO 
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In the diagram at the left, 2b = 115°. Find the measures of angles a, c, and d. 





Za is supplementary to 2b because Za and Zb are Za + Zb = 180° 

adjacent angles of intersecting lines. LOR MAS, =a 80s 
De 

4c = Za because 4c and Za are vertical angles. VGA E © 

4d = Lb because 2d and Zb are vertical angles. a= Ve @ 


Example 3 Find x. 





Strategy The angles labeled are adjacent angles of intersecting lines and 
are therefore supplementary angles. To find x, write an equation 
and solve for x. 


Solution x + (x + 70°) = 180° 
2X = 180° 

2x =-110° 

x = 55° 


Problem 3 Find x. 3x + 20° 





Solution See page S8. 


A line that intersects two other lines at dif- 
ferent points is called a transversal. If the 
lines cut by a transversal t are parallel lines 
and the transversal is not perpendicular to 
the parallel lines, all four acute angles have 
the same measure and all four obtuse angles 
have the same measure. In the figure at the 





right, 

Le GAN 

Lies? aC et = Ly 
Alternate interior angles are two nonadjacent Alternate interior angles have 
angles that are on opposite sides of the transver- the same measure. 
sal and between the lines. In the figure above, Zc 

: F LCi LW 

and Zw are alternate interior angles, and 2d and oe 


Zx are alternate interior angles. Alternate inte- 
rior angles have the same measure. 
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Alternate exterior angles are two nonad- 
jacent angles that are on opposite sides of 
the transversal and outside the parallel 
lines. In the figure at the left, Za and Zy 
are alternate exterior angles, and 2b and 
Zz are alternate exterior angles. Alternate 
exterior angles have the same measure. 


Corresponding angles are two angles that are 
on the same side of the transversal and are 
both acute angles or are both obtuse angles. In 
the figure above, the following pairs of angles 
are corresponding angles: Za and Zw, 2d and 
Zz, Zband 2x, and Zc and Zy. Correspond- 
ing angles have the same measure. 


™ In the diagram at the left, and 
and 2d. 


Za and Zf are corresponding angles. 
Zc and Zf are alternate interior angles. 


Zd is supplementary to Za. 


Example 4 Given pimdrx. 


Substitute 3x for y and solve 
Solution 
4x + 40° = 180° 


4y = 140° 
x = 35° 


Problem 4 _ Given], || I,, find x. 





Solution See page S8. 


L 


Alternate exterior angles have 
the same measure. 

La =PLy 

Lf = ZZ 


Corresponding angles have 
the same measure. 


LE = LM 
Ld = LZ 
L0) =JN 
LEC aly 


. Find the measures of Za, Zc, 


La = Lf = 58° 
Ze = Zf = 58° 


Zd + Za = 180° 
Zd + 58° = 180° 
PE = 129° & 





Strategy because corresponding angles have the same measure. 
because adjacent angles of intersecting 
lines are supplementary angles. 


for x. 
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Problems involving the angles ( y fr] 
of a triangle 


If the lines cut by a transversal are not paral- 
lel lines, the three lines will intersect at 
three points. In the figure at the right, the 
transversal ¢ intersects lines p and q. The 
three lines intersect at points A, B, and C. The 
geometric figure formed by AB, BC, and AC is 
a triangle. 


The angles within the region enclosed by the 
triangle are called interior angles. In the fig- 
ure at the right, angles a, b, and c are interior 
angles. The sum of the measures of the inte- 
rior angles is 180°. 





Za+ Zb+ Zc = 180° 


The Sum of the Measures of the Interior Angles of a Triangle 





The sum of the measures of the interior angles of a triangle is 180°. 


An angle adjacent to an interior angle is an 

exterior angle. In the figure at the right, oy 
angles m and n are exterior angles for angle a. 

The sum of the measures of an interior and an n 
exterior angle is 180°. 


Ae ae 
Za + Zn = 180° 


& Given that Zc = 40° and Ze = 60°, find 
the measure of Zd. 





Zaand Ze are vertical angles. =e = OU 


The sum of the interior angles is 180°. ZC La+ 2b = 180° 
40° + 60° + Zb = 180° 
100° + Zb = 180° 

Lb = 80° 
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Zb and Zd are supplementary angles. ZO 7 Gd = Lene 


™ Example 5 


ATL St SLT T SLE IPAS ESTE 


pols dele 


Strategy 


. Solution 


Problem 5 


ah ETSI TE STL 


: 


) 
= Solution 
r Example 6 
| 


Strategy 


) 
| Solution 
i 


80° + Zd = 180° 
Zd = 100° @ 


Given that Za = 45° and 
Zx = 100°, find the measures 
of angles b, c, and y. 





m To find the measure of Zb, use the fact that 2b and 2x are 
supplementary angles. 

m To find the measure of Zc, use the fact that the sum of the 
measures of the interior angles of a triangle is 180°. 

m= To find the measure of Zy, use the fact that 2c and Zy are ver- 
tical angles. 


Lo + 2x = 180° 
Zb + 100° = 180° 
Zb = 80° 


Za+ Z2b + Zc = 180° 

45° + 80° + Zc = 180° 

125° + Zc = 180° 
Lc=55° 


LY SASS 


Given that Zy = 55°, find the 
measures of angles a, b, and d. 





See page S8. 


Two angles of a triangle measure 43° and 86°. Find the measure 
of the third angle. 


To find the measure of the third angle, use the fact that the sum 
of the measures of the interior angles of a triangle is 180°. Write 
an equation using x to represent the measure of the third angle. 
Solve the equation for x. 


x + 43° + 86° = 180° 
x + 129° = 180° 
x = 51° 


The measure of the third angle is 51°. 
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Solution See page S8. 





CONCEPT REVIEW 4.3 


Determine whether the statement is always true, sometimes true, or never true. 


1 


The formula for the perimeter of a rectangle is P = 2L + 2W, where L repre- 
sents the length and W represents the width of a rectangle. 


In the formula for the perimeter of a triangle, P = a + b + c, the variables a, 
b, and c represent the measures of the three angles of a triangle. 


If two angles of a triangle measure 52° and 73°, then the third angle of the tri- 
angle measures 55°. 


An isosceles triangle has two sides of equal measure and two angles of equal 
measure. 


The perimeter of a geometric figure is a measure of the area of the figure. 


In a right triangle, the sum of the measures of the two acute angles is 90°. 





EXERCISES 4.3 


EY Geometry Problems 


1. 


In an isosceles triangle, the third side is 50% of the length of one of the equal 
sides. Find the length of each side when the perimeter is 125 ft. 


In an isosceles triangle, the length of one of the equal sides is 3 times the 
length of the third side. The perimeter is 21 m. Find the length of each side. 


The perimeter of a rectangle is 42 m. The length of the rectangle is 3 m less 
than twice the width. Find the length and width of the rectangle. 


The width of a rectangle is 25% of the length. The perimeter is 250 cm. Find 
the length and width of the rectangle. 


The perimeter of a rectangle is 120 ft. The length of the rectangle is twice the 
width. Find the length and width of the rectangle. 


DW 
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Problem 6 One angle of a triangle is a right angle, and one angle measures 
27°. Find the measure of the third angle. 


158 
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6. The perimeter of a rectangle is 50 m. The width of the rectangle is 5 m less 
than the length. Find the length and width of the rectangle. 

7. The perimeter of a triangle is 110 cm. One side is twice the second side. The 
third side is 30 cm more than the second side. Find the length of each side. 

8. The perimeter of a triangle is 33 ft. One side of the triangle is 1 ft longer than 
the second side. The third side is 2 ft longer than the second side. Find the 
length of each side. 

9. The width of the rectangular foundation of a building is 30% of the length. 
The perimeter of the foundation is 338 ft. Find the length and width of the 
foundation. 

10. The perimeter of a rectangular playground is 440 ft. If the width is 100 ft, 
what is the length of the playground? 

11. Arectangular vegetable garden has a perimeter of 64 ft. The length of the gar- 
den is 20 ft. What is the width of the garden? 

12. Each of two sides of a triangular banner measures 18 in. If the perimeter of 
the banner is 46 in., what is the length of the third side of the banner? 

13. The perimeter of a square picture frame is 48 in. Find the length of each side 
of the frame. 

14. A square rug has a perimeter of 32 ft. Find the length of each side of the rug. 

Geometry Problems 

15. Find the complement of a 28° angle. 

16. Find the complement of a 46° angle. 

17. Find the supplement of a 73° angle. 

18. Find the supplement of a 119° angle. 


Find the measure of Zx. 


1: 


20. 21. 


3x + 10° 





Find the measure of Za. 


22. 


24. 


Find x. 


26. 


28. 


30. 


a 


168° 


BiG 


5x 





76° 


4x 


Soe 


x+20° 


Find the measure of 2x. 


62. 


Se 


253 


Ze 


29. 


31. 


33. 
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Ae 


Wie 


6x 
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Find x. 


34. J 
> 
k 


Given that €, || £2, find the measures of angles a and b. 


36. 


38. i 
47° G, 
PF b 
Z, 
Given that €, || €,, find x. 


40. t 
4, 
Bie 
4x 
o, 
42. 
x + 39° 
Z, 
26 
G5 
ie 





44, Given that Za = 51°, find the measure of Zb. 


35. Wh 


UE 4x + 36° 


7. 





39. 
41. t 
aye 4 
6x 
Z, 
43. 
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45. Given that Za = 38°, find the measure of Zb. 


Geometry Problems 


46. Given that Za = 95° and 2b = 70°, find the measures of angles x and y. 


47. Given that Za = 35° and 2b = 55°, find the measures of angles x and y. 





48. Given that Zy = 45°, find the measures of angles a and b. 


49, Given that Zy = 130°, find the measures of angles a and b. 
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50. Given that AO | OB, express in terms of x the number of degrees in BOC. 





51. Given that AO | OB, express in terms of x the number of degrees in ZAOC. 





52. One angle ina triangle is a right angle, and one angle measures 30°. What is 
the measure of the third angle? 


53. A triangle has a 45° angle and a right angle. Find the measure of the third 
angle. 


54. Two angles of a triangle measure 42° and 103°. Find the measure of the third 
angle. 


55. Two angles of a triangle measure 62° and 45°. Find the measure of the third 
angle. 


56. A triangle has a 13° angle and a 65° angle. What is the measure of the third 
angle? 


57. A triangle has a 105° angle and a 32° angle. What is the measure of the third 
angle? 


58. In an isosceles triangle, one angle is three times the measure of one of the 
equal angles. Find the measure of each angle. 


59. In an isosceles triangle, one angle is 10° less than three times the measure 
of one of the equal angles. Find the measure of each angle. 


60. In an isosceles triangle, one angle is 16° more than twice the measure of one 
of the equal angles. Find the measure of each angle. 


61. Ina triangle, one angle is twice the measure of the second angle. The third 
angle is three times the measure of the second angle. Find the measure of 
each angle. 
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APPLYING CONCEPTS 4.3 





62. 


63. 


64. 


65. 


66. 


67. 


68. 


69. 


A rectangle and an equilateral triangle have the same perimeter. The length 
of the rectangle is three times the width. Each side of the triangle is 8 cm. 
Find the length and width of the rectangle. 


The length of a rectangle is 1 cm more than twice the width. If the length of 
the rectangle is decreased by 2 cm and the width is decreased by 1 cm, the 
perimeter is 20 cm. Find the length and width of the original rectangle. 


For the figure at the right, find the sum of the measures of angles x, 
y, and z. 


Y For the figure at the right, explain why Za + Zb = Zx. Write a 

rule that describes the relationship between an exterior angle of 
a triangle and the opposite interior angles. Use the rule to write an 
equation involving angles a, c, and z. 





The width of a rectangle is 8x. The perimeter is 48x. Find the length of the ? 
rectangle in terms of the variable x. 


¥ Discuss the concepts of accuracy and precision. 

VA Write a report stating the arguments of the proponents of changing to 
the metric system in the United States or a report stating the arguments 

of those opposed to switching from the U.S. Customary System of measure- 


ment to the metric system. 


Y Prepare a report on the use of geometric form in architecture. 





SaEeG 7 1 O N 4.4 





Markup and Discount Problems 





BH Markup problems 


Cost is the price that a business pays for a product. Selling price is the price for 
which a business sells a product to a customer. The difference between selling 
price and cost is called markup. Markup is added to a retailer’s cost to cover the 
expenses of operating a business. Markup is usually expressed as a percent of the 
retailer’s cost. This percent is called the markup rate. 


The basic markup equations used by a business are 


Selling price = Cost + Markup 
S = €¢ M 


Markup = Markup rate - Cost 
M = r ae 
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By substituting r - C for M in the first equation, we can also write selling price as 


S=C+M 
SES Te Ee) 
Seer 


The equation S = C + rC is the equation used to solve the markup problems in 


this section. 


Example 1 


Strategy 


Solution 


Problem 1 


Solution 


Example 2 


Strategy 


Solution 


The manager of a clothing store buys a suit for $90 and sells the 
suit for $126. Find the markup rate. 


Given: C = $90 

S = $126 
Unknown markup rate: r 
Use the equation S = C + rC. 


S= C7 
126 = 90 + 90r > Substitute the values of C and S into 
the equation. 
126 — 90 = 90 — 90 + 90r_ >» Subtract 90 from each side of the 


36 = 90r equation. 

36 _ 90r > Divide each side of the equation by 

90 90 90. 

04=r > The decimal must be changed to a 
percent. 


The markup rate is 40%. 


The cost to the manager of a sporting goods store for a tennis 
racket is $60. The selling price of the racket is $90. Find the 
markup rate. 


See page S8. 


The manager of a furniture store uses a markup rate of 45% 
on all items. The selling price of a chair is $232. Find the cost of 
the chair. 


Given: r = 45% = 0.45 
S = $232 


Unknown cost: C 
Use, the, equation.o.=;, 4. -7.G. 


Sea eo 
232 = C +.0.45C 
232 = 1.45C >» C+ 0.45C = 1C + 0.45C = (1 + 0.45)C 
160 =C 


The cost of the chair is $160. 
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Problem 2 A hardware store employee uses a markup rate of 40% on all 
items. The selling price of a lawnmower is $133. Find the cost. 


~ Solution See page S8. 


as 
ae fd 


Discount problems cm) 


Discount is the amount by which a retailer reduces the regular price of a product 
for a promotional sale. Discount is usually expressed as a percent of the regular 
price. This percent is called the discount rate. 


The basic discount equations used by a business are 


Sale price = Regular price — Discount 
S = R =e 


Discount = Discount rate - Regular price 
D = r ; R 


By substituting r - R for D in the first equation, we can also write sale price as 


S=R-D 
S.=5-Ri = (> R) 
Se Real 


The equation S = R — rk is the equation used to solve the discount problems in 
this section. 


~ Example 3 Ina garden supply store, the regular price of a 100-foot garden 
hose is $48. During an “after-summer sale,” the hose is being 
sold for $36. Find the discount rate. 


Strategy Given: KR = $48 
5S = $36 
Unknown discount rate: r 
Use the equation S = R — rR. 


Solution S=R-rR 
36 = 48 — 48r > Substitute the values of R and S into 
the equation. 
36 — 48 = 48 — 48 — 48r > Subtract 48 from each side of the 





—12 = —48r equation. 

sal) in 40F > Divide each side of the equation by 

48  —48 —48. 

25 =7 > The decimal must be changed to a 
percent. 


The discount rate is 25%. 


Problem 3 A case of motor oil that regularly sells for $29.80 is on sale for 
$22.35. What is the discount rate? 


= Solution See page S8. 
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Example 4 


The sale price for a chemical sprayer is $27.30. This price is 35% 
off the regular price. Find the regular price. 


Strategy Given: S = $27.30 
r = 35% = 0.35 
Unknown regular price: R 
Use the equation S = R — rR. 


Solution SiR aati 
27-30 —sRe— OS ok 


27.30 = 0.65R > R — 0.35R = 1R — 0.35R = (1 — 0.35)R 


ADR 
The regular price is $42.00. 


Problem 4_ The sale price for a telephone is $43.50. This price is 25% off the 


regular price. Find the regular price. 


Solution See page S9. 


CONCEPT REVIEW 4.4 





Determine whether the statement is always true, sometimes true, or never true. 


1. In the markup equation S = C + rC, the variable r represents the markup rate. 
2. Markup is an amount of money, whereas markup rate is a percent. 


3. In the discount equation S = R — rR, the variable R represents the discount 
rate. 


4. Inthe markup equation, S represents sale price, and in the discount equation, 
S represents selling price. 


5. R—0.45R = 1R — 0.45R = (1 — 0.45)R = 0.55R is an example of the appli- 
cation of the Distributive Property. 


EXERCISES 4.4 


1 Markup Problems 


1. Y Explain the difference between the cost and the selling price of a 
product. 


2. ¥ What is the difference between markup and markup rate? 


3. A computer software retailer uses a markup rate of 40%. Find the selling 
price of a computer game that costs the retailer $40. 


4. Acar dealer advertises a 5% markup over cost. Find the selling price of a car 
that costs the dealer $16,000. 


10. 


11. 
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An electronics store uses a markup rate of 58%. Find the selling price of a 
camcorder that costs the store owner $358. 


The cost to a landscape architect for a 25-gallon tree is $65. Find the selling 
price of the tree if the markup rate used by the architect is 30%. 


A set of golf clubs costing $360 is sold for $630. Find the markup rate on the 
set of golf clubs. 


A jeweler purchases a diamond ring for $2399.50. The selling price is $4799. 
Find the markup rate. 


A freezer costing $360 is sold for $520. Find the markup rate. Round to the 
nearest tenth of a percent. 


A grocer purchases a can of fruit juice for $.92. The selling price of the fruit 
Juice is $1.15. Find the markup rate. 


A watch costing $98 is sold for $156.80. Find the markup rate on the watch. 


A sofa costing $320 is sold for $479. Find the markup rate. Round to the near- 
est tenth of a percent. 


The selling price for a compact disc player is $168. The markup rate used by 
the seller is 40%. Find the cost of the compact disc player. 


A manufacturer of exercise equipment uses a markup rate of 45%. One of the 
manufacturer’s treadmills has a selling price of $580. Find the cost of the 
treadmill. 


A markup rate of 40% was used on a basketball with a selling price of $82.60. 
Find the cost of the basketball. 


A digitally recorded compact disc has a selling price of $11.90. The markup 
rate is 40%. Find the cost of the CD. 


A markup rate of 25% is used on a computer that has a selling price of 
$2187.50. Find the cost of the computer. 


The selling price of a portable CD player is $132. The markup rate used by 
the retailer is 60%. Find the cost to the retailer. 


Discount Problems 


no: 


20. 


21. 


Y Explain the meaning of sale price and discount. 
¥ Explain the difference between discount and discount rate. 


A tennis racket that regularly sells for $95 is on sale for 25% off the regular 
price. Find the sale price. 
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1 
A fax machine that regularly sells for $219.99 is on sale for 33;% off the reg- 
ular price. Find the sale price. 


A supplier of electrical equipment offers a 5% discount for a purchase that is 
paid for within 30 days. A transformer regularly sells for $230. Find the dis- 
count price of a transformer that is paid for 10 days after the purchase. 


A clothing wholesaler offers a discount of 10% per shirt when 10 to 20 shirts 
are purchased and a discount of 15% per shirt when 21 to 50 shirts are pur- 
chased. A shirt regularly sells for $27. Find the sale price per shirt when 
35 shirts are purchased. 


A car stereo system that regularly sells for $425 is on sale for $318.75. Find the 
discount rate. 


A pair of roller blades that regularly sells for $99.99 is on sale for $79.99. Find 
the discount rate. Round to the nearest percent. 


An oak bedroom set with a regular price of $1295 is on sale for $995. Find the 
discount rate. Round to the nearest tenth of a percent. 


A stereo set with a regular price of $495 is on sale for $395. Find the mark- 
down rate. Round to the nearest tenth of a percent. 


A compact disc player with a regular price of $325 is on sale for $201.50. Find 
the markdown rate. 


A luggage set with a regular price of $178 is on sale for $103.24. Find the dis- 
count rate. 


The sale price of a free-weight home gym is $248, which is 20% off the regu- 
lar price. Find the regular price. 


The sale price of a toboggan is $77, which is 30% off the regular price. Find 
the regular price. 


A mechanic’s tool set is on sale for $180 after a markdown of 40% off the reg- 
ular price. Find the regular price. 


The sale price of a 56K modem is $126, which is 30% off the regular price. 
Find the regular price. 


A telescope is on sale for $165 after a markdown of 40% off the regular price. 
Find the regular price. 


An exercise bike is on sale for $390, having been marked down 25% of the 
regular price. Find the regular price. 
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37. A pair of shoes that now sells for $63 has been marked up 40%. Find the 
markup on the pair of shoes. 


38. The sale price of a typewriter is 25% off the regular price. The discount is $70. 
Find the sale price. 


39. A refrigerator selling for $770 has a markup of $220. Find the markup rate. 


40. The sale price of a word processor is $765 after a discount of $135. Find the 
discount rate. 


41. The manager of a camera store uses a markup rate of 30%. Find the cost of a 
camera selling for $299. 


42. The sale price of a television was $180. Find the regular price if the sale price 
was computed by taking : off the regular price followed by an additional 


25% discount on the reduced price. 


43. Acustomer buys four tires, three at the regular price and one for 20% off the 
regular price. The four tires cost $304. What was the regular price of a tire? 


44, A lamp, originally priced at under $100, was on sale for 25% off the regular 
price. When the regular price, a whole number of dollars, was discounted, 
the discounted price was also a whole number of dollars. Find the largest 
possible number of dollars in the regular price of the lamp. 


45. Aused car is on sale for a discount of 20% off the regular price of $5500. An 
additional 10% discount on the sale price was offered. Is the result a 30% dis- 
count? What is the single discount that would give the same sale price? 


46. yf Write a report on series trade discounts. Explain how to convert a series 
discount to a single-discount equivalent. 





SMEe Gr ie OLN V45 
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EM Investment problems (mica 


The annual simple interest that an investment earns is given by the equation 
I = Pr, where I is the simple interest, P is the principal, or the amount invested, 
and r is the simple interest rate. 
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© The annual simple interest rate on a $4500 investment is 8%. Find the annual 


POINT OF INTEREST 4 
simple interest earned on the investment. 


You may be familiar with 


the simple interest formula Given: P = $4500 I = Pr 

! = Prt. If so, you know that t r= 8% = 0:08 I = 4500(0.08) 

represents time. Inne Unknown interest: I I = 360 

problems in this section, time 

is always 1 (one year), so the The annual simple interest is $360. as 

formula / = Prt simplifies to 
{= Pr(1) Solve: An investor has a total of $10,000 to deposit into two simple interest 
het accounts. On one account, the annual simple interest rate is 7%. On the second 


account, the annual simple interest rate is 8%. How much should be invested in 
each account so that the total annual interest earned is $785? 


STRATEGY for solving a problem involving money deposited in 
two simple interest accounts 





m= For each amount invested, use the equation Pr = I. Write a numerical or 
variable expression for the principal, the interest rate, and the interest 
earned. The results can be recorded in a table. 


The sum of the amounts invested is $10,000. 


Amount invested at 7%: x 
Amount invested at 8%: $10,000 — x 


[Principal P [interstate [= [interest eared, 
Pamouneatm| x [| 907 [=| oom 

soaoo =x [=[ 008 [= [oostioo0 = 5 
by multiplying the two | 


Byuressions joni se) Determine how the amounts of interest earned on the individual 

each roar investments are related. For example, the total interest earned by both 
accounts may be known, or it may be known that the interest earned on 
one account is equal to the interest earned on the other account. 














LOOK CLOSELY 


Use the information given in 
the problem to fill in the 
principal and interest rate 
columns of the table. Fill in 
the interest earned column 





The sum of the interest earned by the two investments equals the total annual 
interest earned ($785). 


O07x + 0.08(10;000 — x) = 785 > The interest earned on the 7% account plus 
0.07x + 800 — 0.08x = 785 the interest earned on the 8% account equals 
—0.01x + 800 = 785 the total annual interest earned. 
O01 315 
x = 1500 


10,000 — x = 10,000 — 1500 = 8500 » Substitute the value of x into the variable 
expression for the amount invested at 8%. 


The amount invested at 7% is $1500. 
The amount invested at 8% is $8500. 


= Example 1 


= 





CONCEPT REVIEW 4.5 


Strategy 


Solution 


Problem 1 


Solution 
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An investment counselor invested 75% of a client’s money into a 
9% annual simple interest money market fund. The remainder 
was invested in 6% annual simple interest government securi- 
ties. Find the amount invested in each if the total annual interest 
earned is $3300. 


== Amount invested: x 
Amount invested at 9%: 0.75x 
Amount invested at 6%: 0.25x 





Principal | - Interest 


Amount at 9% 0.75x . = | 0.09(0.75x) 








Amount at 6% - | 0.06 Es 0.06(0.25x) 


m= The sum of the interest earned by the two investments equals 
the total annual interest earned ($3300). 


0.09(0.75x) + 0.06(0.25x) = 3300 > The interest earned on the 
0.0675x + 0.015x = 3300 9% account plus the interest 


0.0825x = 3300 earned on the 6% account 
equals the total annual inter- 


est earned. 
x = 40,000 » The amount invested is 
$40,000. 


0.75x = 0.75(40,000) = 30,000 > Find the amount invested 
at 9%. 

0.25x = 0.25(40,000) = 10,000 > Find the amount invested 
at 6%. 


The amount invested at 9% is $30,000. 
The amount invested at 6% is $10,000. 


An investment of $2500 is made at an annual simple interest rate 
of 7%. How much additional money must be invested at 10% so 
that the total interest earned will be 9% of the total investment? 


See page S9. 


Determine whether the statement is always true, sometimes true, or never true. 


1. In the simple interest formula I = Pr, the variable I represents the simple 


interest earned. 


2. For one year, you have $1000 deposited in an account that pays 5% annual 
simple interest. You will earn exactly $5 in simple interest on this account. 


3. For one year, you have x dollars deposited in an account that pays 7% annual 
simple interest. You will earn 0.07x in simple interest on this account. 


4. If you have a total of $8000 deposited in two accounts and you represent the 
amount you have in the first account as x, then the amount in the second 


account is represented as 8000 — x. 
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The amount of interest earned on one account is 0.05x and the amount 
of interest earned on a second account is 0.08(9000 — x). If the two ac- 
counts earn the same amount of interest, then we can write the equation 
0.05x + 0.08(9000 — x). 


If the amount of interest earned on one account is 0.06x and the amount of 
interest earned on a second account is 0.09(4000 — x), then the total interest 
earned on the two accounts can be represented as 0.06x + 0.09(4000 — x). 


EXERCISES 4.5 


Eu Investment Problems 


ds 


A dentist invested a portion of $15,000 in a 7% annual simple interest account 
and the remainder in a 6.5% annual simple interest government bond. The 
two investments earn $1020 in interest annually. How much was invested in 
each account? 


A university alumni association invested part of $20,000 in preferred stock 
that earns 8% annual simple interest and the remainder in a municipal bond 
that earns 7% annual simple interest. The amount of interest earned each 
year is $1520. How much was invested in each account? 


A professional athlete deposited an amount of money into a high-yield 
mutual fund that earns 13% annual simple interest. A second deposit, $2500 
more than the first, was placed in a certificate of deposit earning 7% annual 
simple interest. In one year, the total interest earned on both investments was 
$475. How much money was invested in the mutual fund? 


Jan Moser made a deposit into a 7% annual simple interest account. She 
made another deposit, $1500 less than the first, in a certificate of deposit 
earning 9% annual simple interest. The total interest earned on both invest- 
ments for one year was $505. How much money was deposited in the cer- 
tificate of deposit? 


A team of cancer research specialists received a grant of $300,000 to be used 
for cancer research. They deposited some of the money in a 10% simple inter- 
est account and the remainder in an 8.5% annual simple interest account. 
How much was deposited in each account if the annual interest is $28,500? 


Reggie Means invested part of $30,000 in municipal bonds that earn 6.5% 
annual simple interest and the remainder of the money in 8.5% corporate 
bonds. How much is invested in each account if the total annual interest 
earned is $2190? 


To provide for retirement income, Teresa Puelo purchases a $5000 bond that 
earns 7.5% annual simple interest. How much money does Teresa have 
invested in bonds that earn 8% annual simple interest if the total annual 
interest earned from the two investments is $615? 


10. 


at, 


12. 


13. 


14. 


15: 


16. 
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After the sale of some income property, Jeremy Littlefield invested $40,000 in 
a certificate of deposit that earns 7.25% annual simple interest. How much 
money does he have invested in certificates that earn an annual simple inter- 


est rate of 8.5% if the total annual interest earned from the two investments 
is $5025? 


Suki Hiroshi has made an investment of $2500 at an annual simple interest 
rate of 7%. How much money does she have invested at an annual simple 
interest rate of 11% if the total interest earned is 9% of the total investment? 


Mae Jackson has a total of $6000 invested into two simple interest accounts. 
The annual simple interest rate on one account is 9%. The annual simple 
interest rate on the second account is 6%. How much is invested in each 
account if both accounts earn the same amount of interest? 


A charity deposited a total of $54,000 into two simple interest accounts. The 
annual simple interest rate on one account is 8%. The annual simple interest 
rate on the second account is 12%. How much was invested in each account 
if the total annual interest earned is 9% of the total investment? 2 


A sports foundation deposited a total of $24,000 into two simple interest 
accounts. The annual simple interest rate on one account is 7%. The annual 
simple interest rate on the second account is 11%. How much is invested 
in each account if the total annual interest earned is 10% of the total 
investment? 


Wayne Miller, an investment banker, invested 55% of the bank’s available 
cash in an account that earns 8.25% annual simple interest. The remainder of 
the cash was placed in an account that earns 10% annual simple interest. The 
interest earned in one year was $58,743.75. Find the total amount invested. 


Mohammad Aran, a financial planner, recommended that 40% of a client’s 
cash account be invested in preferred stock earning 9% annual simple inter- 
est. The remainder of the client’s cash was placed in Treasury bonds earning 
7% annual simple interest. The total annual interest earned from the two 
investments was $2496. Find the total amount invested. 


Sarah Ontkean is the manager of a mutual fund. She placed 30% of the fund’s 
available cash in a 6% annual simple interest account, 25% in 8% corporate 
bonds, and the remainder in a money market fund earning 7.5% annual sim- 
ple interest. The total annual interest earned from the investments was 
$35,875. Find the total amount invested. 


Joseph Abruzzio is the manager of a trust. He invested 30% of a client’s cash 
in government bonds that earn 6.5% annual simple interest, 30% in utility 
stocks that earn 7% annual simple interest, and the remainder in an account 
that earns 8% annual simple interest. The total annual interest earned from 
the investments was $5437.50. Find the total amount invested. 
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18. 


19. 


20. 


2k. 


papa 


23. 


A sales representative invests in a stock paying 9% dividends. A research 
consultant invests $5000 more than the sales representative in bonds paying 
8% annual simple interest. The research consultant’s income from the invest- 
ment is equal to the sales representative’s. Find the amount of the research 
consultant’s investment. 


A financial manager invested 20% of a client’s money in bonds paying 9% 
annual simple interest, 35% in an 8% simple interest account, and the remain- 
der in 9.5% corporate bonds. Find the amount invested in each if the total 
annual interest earned is $5325. 


A plant manager invested $3000 more in stocks than in bonds. The stocks 
paid 8% annual simple interest, and the bonds paid 9.5% annual simple 
interest. Both investments yielded the same income. Find the total annual 
interest received on both investments. 


A bank offers a customer a 2-year certificate of deposit (CD) that earns 8% 
compound annual interest. This means that the interest earned each year is 
added to the principal before the interest for the next year is calculated. Find 
the value in 2 years of a nurse’s investment of $2500 in this CD. 


A bank offers a customer a 3-year certificate of deposit (CD) that earns 8.5% 
compound annual interest. This means that the interest earned each year is 
added to the principal before the interest for the next year is calculated. Find 
the value in 3 years of an accountant’s investment of $3000 in this CD. 


¥ Write an essay on the topic of annual percentage rates. 
Financial advisors may predict how much money we should have 


saved for retirement by the ages of 35, 45, 55, and 65. One such predic- 
tion is included in the table below. 





a. According to the estimates in the table, how much should a couple who 
have earnings of $75,000 have saved for retirement by age 55? 


b. Write an explanation of how interest and interest rates affect the level of sav- 
ings required at any given age. What effect do inflation rates have on savings? 


Minimum Levels of Savings Required 
for Married Couples to Be Prepared for Retirement 


Savings Accumulation by Age 
35 45 55 65 


Earnings = $50,000 (8000 = 28.000 e000 acon 


SLURRED LEA areas eae 0 7H i areisaieyi sii 
-Earnin i Ay | 
- Earnings = $76,000 17,0006 











| Earnings = $150,000 67,000 210,000. 490,000 —- 840,000 - 
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SECTION 4.6 








LOOK CLOSELY 


Use the information given in 
the problem to fill in the 
amount and unit cost 
columns of the table. Fill in 
the value column by 
multiplying the two 
expressions you wrote in 
each row. Use the 
expressions in the last 


column to write the equation. 


Mixture Problems 





Value mixture problems 


A value mixture problem involves combining two ingredients that have different 
prices into a single blend. For example, a coffee merchant may blend two types of 
coffee into a single blend, or a candy manufacturer may combine two types of 
candy to sell as a “variety pack.” 


The solution of a value mixture problem is based on the equation V = AC, where 
V is the value of an ingredient, A is the amount of the ingredient, and C is the cost 
per unit of the ingredient. 


® Find the value of 5 oz of a gold alloy that costs $185 per ounce. 


Given:7A)= 5 0z VAC 
C185 V = 5(185) 
Unknown value: V e275 
The value of the 5 oz of gold alloy is $925. a 


Solve: A coffee merchant wants to make 9 lb of a blend of coffee costing $6 per 
pound. The blend is made using a $7 grade and a $4 grade of coffee. How many 
pounds of each of these grades should be used? 


STRATEGY for solving a value mixture problem 





roa For. each ierediont in he mixture, write. a poner or arable - 
expression for the amount of the ingredient used, the unit cost of the 
ingredient, and the value of the amount used. For the blend, write 
a numerical or variable expression for the amount, the unit cost of 
the blend, and the oo of the amount. The results ¢ can be recorded i in 
a table. : 


The sum of the amounts is 9 lb. 


Amount of $7 coffee: x 


Amount of $4 coffee: 9 — x 
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eee 


m= Determine how the values of the individual ingredients are related. Use a 
the fact that the sum of the values of these ingredients i is equal to the value 
of the blend. 


The sum of the values of the $7 grade and the $4 grade is equal to the value of the 


$6 blend. 
7x + 4(9 — x) = 6(9) > The value of the $7 grade plus the value of the $4 grade equals 
7x + 36 — 4x = 54 the value of the blend. 
3x + 36 = 54 
3x = 18 
x=6 
9—-x=9-6=3 > Substitute the value of x into the variable expression for the 


amount of the $4 grade. 


The merchant must use 6 lb of the $7 coffee and 3 lb of the $4 coffee. 


Example 1 How many ounces of a silver alloy that costs $6 an ounce must 
be mixed with 10 oz of a silver alloy that costs $8 an ounce to 
make a mixture that costs $6.50 an ounce? 


Strategy ™ Ounces of $6 alloy: x 


[nt [ease ae 


m™ The sum of the values before mixing equals the value after 
mixing. 











Solution 6x + 8(10) =.6.50(10 + x) » The value of the $6 alloy plus the 


6x + 80 = 65 + 6.5x value of the $8 alloy equals the value 
—0.5x + 80 = 65 of the mixture. 
=0:5 rel 
x= 50) 


30 oz of the $6 silver alloy must be used. 


Problem 1 A gardener has 20 Ib of a lawn fertilizer that costs $.90 per 
pound. How many pounds of a fertilizer that costs $.75 per 
pound should be mixed with this 20 lb of lawn fertilizer to pro- 
duce a mixture that costs $.85 per pound? 





Solution See page S9. 





LOOK CLOSELY 


Use the information given in 
the problem to fill in the 
amount and percent columns 
of the table. Fill in the 
quantity column by 
multiplying the two 
expressions you wrote In 
each row. Use the 
expressions in the last 
column to write the equation. 
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Percent mixture problems (C3) fe 


The amount of a substance in a solution can be given as a percent of the total solu- 
tion. For example, in a 5% saltwater solution, 5% of the total solution is salt. The 
remaining 95% is water. 


The solution of a percent mixture problem is based on the equation Q = Ar, where 
Q is the quantity of a substance in the solution, r is the percent of concentration, 
and A is the amount of solution. 


© A 500-milliliter bottle contains a 3% solution of hydrogen peroxide. Find the 
amount of hydrogen peroxide in the solution. 


Given: A = 500 Q=Ar 
Hao 0.03 Q = 500(0.03) 
Unknown amount: Q Q=15 
The bottle contains 15 ml of hydrogen peroxide. « 


Solve: How many gallons of a 15% salt solution must be mixed with 4 gal of a 20% 
salt solution to make a 17% salt solution? 


STRATEGY for solving a percent mixture problem 





m= For each solution, use the equation Ar = Q. Write a numerical or variable 
expression for the amount of solution, the percent of concentration, and 
the quantity of the substance in the solution. The results can be recorded 
in a table. 


The unknown quantity of 15% solution: x 





m= Determine how the quantities of the substance in the individual solutions 
are related. Use the fact that the sum of the quantities of the substances 
being mixed is equal to the quantity of the substance after mixing. 
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The sum of the quantities of salt in the 15% solution and the 20% solution is equal 
to the quantity of salt in the 17% solution. 


0.15x + 0.20(4) = 0.17(x + 4) > The amount of salt in the 15% solution plus the 
O15, 0s = Oly O68 amount of salt in the 20% solution equals the 
amount of salt in the 17% solution. 
—0.02x + 0.8 = 0.68 


—0.02x = —0.12 
x=6 


6 gal of the 15% solution are required. 


9% acid solution and a 4% acid solution. How many liters of each 


[ Example 2 A chemist wishes to make 3 L of a 7% acid solution by mixing a 
solution should the chemist use? 


Strategy ™ Liters of 9% solution: x 
Liters of 4% solution: 3 — x 


[ane [ean [Qnty 
ee ea ee 
aa aaa 0 fae 


m= The sum of the quantities before mixing is equal to the quan- 
tity after mixing. 














Solution 0.09x + 0.04(3 — x) =0.07(3) » The amount of acid in the 9% 


0.09x + 0.12 — 0.04x = 0.21 solution plus the amount of acid 
005 -£ 0:12 = 0:21 in the 4% solution equals the 
0.05x = 0.09 amount of acid in the 7% solu- 
tion. 
oles > 1.8 L of the 9% solution are 
needed. 
DN gay Oued > Find the amount of the 4% solu- 


tion needed. 


The chemist needs 1.8 L of the 9% solution and 1.2 L of the 4% 
solution. 


Problem 2 How many quarts of pure orange juice are added to 5 qt of fruit 
drink that is 10% orange juice to make an orange drink that is 
25% orange juice? 





= Solution See page S9. 
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CONCEPT REVIEW 4.6 


Determine whether the statement is always true, sometimes true, or never true. 


1. Both value mixture and percent mixture problems involve combining two or 
more ingredients into a single substance. 


2. Inthe value mixture equation V = AC, the variable A represents the quantity 
of an ingredient. 


3. Suppose we are mixing two salt solutions. Then the variable Q in the percent 
mixture equation Q = Ar represents the amount of salt in a solution. 


4. If we combine an alloy that costs $8 an ounce with an alloy that costs $5 an 
ounce, the cost of the resulting mixture will be greater than $8 an ounce. 


5. If we combine a 9% acid solution with a solution that is 4% acid, the result- 
ing solution will be less than 4% acid. 


6. If 8 L ofa solvent costs $75 per liter, then the value of the 8 L of solvent is 
$600. 


7. If 100 oz of a silver alloy is 25% silver, then the alloy contains 25 oz of silver. 
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EXERCISES 4.6 


§8 Value Mixture Problems 


i 


Ze 


10. 


a: 


y Explain the meaning of each variable in the equation V = AC. Give an 
example of how this equation is used. 


VA Suppose you are mixing peanuts that cost $4 per pound with raisins that 

cost $2 per pound. In the context of this situation, explain the meaning 
of the statement “The sum of the values of these ingredients is equal to the 
value of the blend.” 


At a veterinary clinic, a special high-protein dog food that costs $6.75 per 
pound is mixed with a vitamin supplement that costs $3.25 per pound. How 
many pounds of each should be used to make 5 Ib of a mixture that costs 
$4.65 per pound? 


A wild bird seed mix is made by combining 100 lb of millet seed costing $.60 
per pound with sunflower seeds costing $1.10 per pound. How many 
pounds of sunflower seeds are needed to make a mixture that costs $.70 
per pound? 


Find the cost per pound of a coffee mixture made from 8 Ib of coffee that 
costs $9.20 per pound and 12 lb of coffee that costs $5.50 per pound. 


How many pounds of chamomile tea that cost $4.20 per pound must be 
mixed with 12 lb of orange tea that cost $2.25 per pound to make a mixture 
that costs $3.40 per pound? 


A goldsmith combined an alloy that costs $4.30 per ounce with an alloy that 
costs $1.80 per ounce. How many ounces of each were used to make a mix- 
ture of 200 oz costing $2.50 per ounce? 


An herbalist has 30 oz of herbs costing $2 per ounce. How many ounces of 
herbs costing $1 per ounce should be mixed with these 30 oz of herbs to pro- 
duce a mixture costing $1.60 per ounce? 


A health food store has a section in which you can create your own chocolate- 
covered fruit mixes. You choose 2 lb of the cherries that cost $3.50 per pound 
and blueberries that cost $2.75 per pound. How many pounds of blueberries 
can you add to create a mixture that costs $3.25 per pound? 


Find the cost per ounce of a mixture of 200 oz of a cologne that costs $5.50 
per ounce and 500 oz of a cologne that costs $2.00 per ounce. 


How many kilograms of hard candy that cost $7.50 per kilogram must be 
mixed with 24 kg of jelly beans that cost $3.25 per kilogram to make a mix- 
ture that costs $4.50 per kilogram? 
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Section 4.6 / Mixture Problems 


A grocery store offers a cheese sampler that includes a pepper cheddar 
cheese that costs $8 per kilogram and Pennsylvania Jack that costs $3 per 
kilogram. How many kilograms of each were used to make a 5-kilogram 
mixture that costs $4.50 per kilogram? 


A snack food is made by mixing 5 lb of popcorn that costs $.80 per pound 
with caramel that costs $2.40 per pound. How much caramel is needed to 
make a mixture that costs $1.40 per pound? 


A lumber company combined oak wood chips that cost $3.10 per pound with 
pine wood chips that cost $2.50 per pound. How many pounds of each were 
used to make an 80-pound mixture costing $2.65 per pound? 


The manager of a farmer’s market has 500 Ib of grain that costs $1.20 per 
pound. How many pounds of meal costing $.80 per pound should be mixed 
with the 500 Ib of grain to produce a mixture that costs $1.05 per pound? 


A caterer made an ice cream punch by combining fruit juice that costs $2.25 
per gallon with ice cream that costs $3.25 per gallon. How many gallons of 
each were used to make 100 gal of punch costing $2.50 per gallon? 


The manager of a specialty food store combined almonds that cost $4.50 per 
pound with walnuts that cost $2.50 per pound. How many pounds of each 
were used to make a 100-pound mixture that costs $3.24 per pound? 


Find the cost per pound of a “house blend” of coffee that is made from 12 Ib 
of Central American coffee that costs $4 per pound and 30 lb of South 
American coffee that costs $2.25 per pound. 


Find the cost per pound of a sugar-coated breakfast cereal made from 40 Ib 
of sugar that cost $1.00 per pound and 120 lb of corn flakes that cost $.60 
per pound. 


Find the cost per ounce of a gold alloy made from 25 oz of pure gold that 
costs $482 per ounce and 40 oz of an alloy that costs $300 per ounce. 


Find the cost per ounce of a sun screen made from 100 oz of a lotion that costs 
$2.50 per ounce and 50 oz of a lotion that costs $4.00 per ounce. 


How many liters of a blue dye that costs $1.60 per liter must be mixed with 
18 L of anil that costs $2.50 per liter to make a mixture that costs $1.90 
per liter? 


Percent Mixture Problems 


ZSs 


Explain the meaning of each variable in the equation Q = Ar. Give an 
¥ example of how this equation is used. 
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Suppose you are mixing a 5% acid solution with a 10% acid solution. In 

the context of this situation, explain the meaning of the statement “The 
sum of the quantities of the substances being mixed is equal to the quantity 
of the substance after mixing.” 


Forty ounces of a 30% gold alloy are mixed with 60 0z of a 20% gold alloy. 
Find the percent concentration of the resulting gold alloy. 


One hundred ounces of juice that is 50% tomato juice are added to 200 oz of 
a vegetable juice that is 25% tomato juice. What is the percent concentration 
of tomato juice in the resulting mixture? 


How many gallons of a 15% acid solution must be mixed with 5 gal of a 20% 
acid solution to make a 16% acid solution? 


How many pounds of a chicken feed that is 50% corn must be mixed with 
400 Ib of a feed that is 80% corn to make a chicken feed that is 75% corn? 


A rug is made by weaving 20 lb of yarn that is 50% wool with a yarn that is 
25% wool. How many pounds of the yarn that is 25% wool must be used if 
the finished rug is to be 35% wool? 


Five gallons of a dark green latex paint that is 20% yellow paint are combined 
with a lighter green latex paint that is 40% yellow paint. How many gallons 
of the lighter green paint must be used to create a green paint that is 25% yel- 
low paint? 


How many gallons of a plant food that is 9% nitrogen must be combined 
with another plant food that is 25% nitrogen to make 10 gal of a solution that 
is 15% nitrogen? 


A chemist wants to make 50 ml of a 16% acid solution by mix- 
ing a 13% acid solution and an 18% acid solution. How many 
milliliters of each solution should the chemist use? 


Five grams of sugar are added to a 45-gram serving of a break- 
fast cereal that is 10% sugar. What is the percent concentration 
of sugar in the resulting mixture? 


Thirty ounces of pure silver are added to 50 oz of a silver alloy that is 20% 
silver. What is the percent concentration of the resulting alloy? 


To make the potpourri mixture sold at a florist shop, 70 oz of a potpourri that 
is 80% lavender are combined with a potpourri that is 60% lavender. The 
resulting potpourri is 74% lavender. How much of the potpourri that is 60% 
lavender is used? 


The manager of a garden shop mixes grass seed that is 60% rye grass with 
70 lb of grass seed that is 80% rye grass to make a mixture that is 74% rye 
grass. How much of the 60% rye grass is used? 
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Section 4.6 / Mixture Problems 


A hair dye is made by blending a 7% hydrogen peroxide solution and a 4% 
hydrogen peroxide solution. How many milliliters of each are used to make 
a 300-milliliter solution that is 5% hydrogen peroxide? 


At a cosmetics company, 40 L of pure aloe cream are mixed with 50 L of a 
moisturizer that is 64% aloe. What is the percent concentration of aloe in the 
resulting mixture? 


How many ounces of pure chocolate must be added to 150 oz of chocolate 
topping that is 50% chocolate to make a topping that is 75% chocolate? 


How many ounces of pure bran flakes must be added to 50 oz of cereal that 
is 40% bran flakes to produce a mixture that is 50% bran flakes? 


A hair stylist combines 12 oz of shampoo that is 20% conditioner with an 
8-ounce bottle of pure shampoo. What is the percent concentration of con- 
ditioner in the 20-ounce mixture? 


A clothing manufacturer has some pure silk thread and some thread that is 
85% silk. How many kilograms of each must be woven together to make 
75 kg of cloth that is 96% silk? 


How many ounces of dried apricots must be added to 18 oz of a snack mix that 
contains 20% dried apricots to make a mixture that is 25% dried apricots? 


A recipe for a rice dish calls for 12 oz of a rice mixture that is 20% wild rice 
and 8 oz of pure wild rice. What is the percent concentration of wild rice in 
the 20-ounce mixture? 


APPLYING CONCEPTS 4.6 
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Find the cost per ounce of a mixture of 30 oz of an alloy that costs $4.50 per 
ounce, 40 oz of an alloy that costs $3.50 per ounce, and 30 oz of an alloy that 
costs $3.00 per ounce. 


A grocer combined walnuts that cost $2.60 per pound and cashews that cost 
$3.50 per pound with 20 lb of peanuts that cost $2.00 per pound. Find the 
amount of walnuts and the amount of cashews used to make the 50 Ib mix- 
ture costing $2.72 per pound. 


How many ounces of water evaporated from 50 oz of a 12% salt solution to 
produce a 15% salt solution? 


A chemist mixed pure acid with water to make 10 L of a 30% acid solution. 
How much pure acid and how much water did the chemist use? 


How many grams of pure water must be added to 50 g of pure acid to make 
a solution that is 40% acid? 
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50. A radiator contains 15 gal of a 20% antifreeze solution. How many gallons 
must be drained from the radiator and replaced by pure antifreeze so that the 
radiator will contain 15 gal of a 40% antifreeze solution? 


51. Tickets to a performance by the community theater cost $5.50 for adults and 
$2.75 for children. A total of 120 tickets were sold for $563.75. How many 
adults and how many children attended the performance? 


52: Y Explain why we look for patterns and relationships in mathematics. 
Include a discussion of the relationship between value mixture problems 

and percent mixture problems and how understanding one of these can 
make it easier to understand the other. Also discuss why understanding how 

to solve the value mixture problems in this section can be helpful in solving 


Exercise 51. 





S Ec Tl, LO N 4.7 


Uniform Motion Problems 


—————! 5 
Lt] 


Uniform motion problems Ca | 


A train that travels constantly in a straight line at 50 mph is in uniform motion. Uni- 
form motion means the speed of an object does not change. 


The solution of a uniform motion problem is based on the equation d = rt, where 
d is the distance traveled, r is the rate of travel, and t is the time spent traveling. 


A car travels 50 mph for 3 h. 


d=rt 
d = 50(3) 
a— 150 


The car travels a distance of 150. mi. 


Solve: A car leaves a town traveling at 35 mph. Two hours later, a second car 
leaves the same town, on the same road, traveling at 55 mph. In how many hours 
after the second car leaves will the second car be passing the first car? 


STRATEGY for solving a uniform motion problem 


rene, 


ma For each object, use the equation d = rt. Write a numerical or variable 


expression for the distance, rate, and time. The results can be recorded in 
a table. 


LOOK CLOSELY 


Use the information given in 
the problem to fill in the rate 
and time columns of the 
table. Fill in the distance 
column by multiplying the two 
expressions you wrote in 
each row. 
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The first car traveled 2 h longer than the ,. — d = 35 + 2) 
First car are? 
second car. aa 
| 
Unknown time for the second car: t ; 
Time for the first car: f + 2 es d =55t 
Second car Gcre> 












CF [ie = [Bina 
Pinter | [| e+? fp ea 
sender] = [| ff = 


mm Determine how the distances traveled by the individual objects are related. 
For example, the total distance traveled by both objects may be known, or 
it may be known that the two objects traveled the same distance. 









The two cars travel the same distance. 


35(t + 2) = 55t >» The distance traveled by the first car equals the distance traveled by 
35t + 70 = 55t the second car. 

/0s=2201 

olan 


The second car will be passing the first car in 3.5 h. 


Example 1 Two cars, one traveling 10 mph faster than the second car, start 
at the same time from the same point and travel in opposite 
directions. In 3 h, they are 288 mi apart. Find the rate of the sec- 
ond car. 


Strategy ™ Rate of second car: r 
Rate of first car: r + 10 


ene [Bian 


™= The total distance traveled by the two cars is 288 mi. 


Sp OER ce 0) a=or ee 
First eee 288 mi ——————> Second car 


Solution 3(r + 10) + 3r = 288 > The distance traveled by the first car plus 
Br + 30 + 37 = 288 the distance traveled by the second car is 
6r + 30 = 288 288 mi. 
6r = 258 
r=43 


















The second car is traveling 43 mph. 
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Problem 1 


Solution 


Example 2 


Strategy 


Solution 


Problem 2 


Solution 








CONCEPT REVIEW 4.7 





Two trains, one traveling at twice the speed of the other, start at 
the same time from stations that are 306 mi apart and travel 
toward each other. In 3 h, the trains pass each other. Find the rate 
of each train. 


See page S9. 


A bicycling club rides out into the country at a speed of 16 mph 
and returns over the same road at 12 mph. How far does the club 
ride out into the country if it travels a total of 7 h? 


m= Time spent riding out: t 
Time spent riding back: 7 — t 


Ra [ine [Bin 


m The distance out equals the distance back. 


am Gr RAR 
an 









16t = 12(7 — t) 
16t = 84 — 12t 
28t = 84 
= 8) > The time is 3 h. Find the distance. 


The distance out = 16t = 16(3) = 48. 


The club rides 48 mi into the country. 


On a survey mission, a pilot flew out to a parcel of land and back 
in 7 h. The rate out was 120 mph. The rate back was 90 mph. 
How far away was the parcel of land? 


See page S9. 


Determine whether the statement is always true, sometimes true, or never true. 


1. The solution of a uniform motion problem is based on the equation d = rt, 


where r is a percent. 


2. If you drive at a constant speed of 60 mph for 4 h, you will travel a total dis- 


tance of 240 mi. 
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It takes a student a total of 5 h to drive to a friend’s house and back. If the 
variable t is used to represent the time it took to drive to the friend’s house, 


then the expression t — 5 is used to represent the time spent on the return 
trip. 


If the speed of one train is 20 mph slower than that of a second train, then the 
speeds of the two trains can be represented as r and 20 — r. 


A car and a bus both travel from city A to city B. The car leaves city A 1h later 
than the bus, but both vehicles arrive in city B at the same time. If t represents 
the time the car was traveling, then t + 1 represents the time the bus was 
traveling. If t represents the time the bus was traveling, then t — 1 represents 
the time the car was traveling. 


Two cars travel the same distance. If the distance traveled by the first car is 
represented by the expression 35t, and the distance traveled by the second 
car is represented by the expression 45(t + 1), then we can write the equation 
35t = 45(¢ + 1). 


EXERCISES 4.7 


Uniform Motion Problems 


1. 


Two planes start from the same point and fly in opposite directions. The first 
plane is flying 25 mph slower than the second plane. In 2 h, the planes are 
470 mi apart. Find the rate of each plane. 


Two cyclists start from the same point and ride in opposite directions. One 
cyclist rides twice as fast as the other. In 3 h, they are 81 mi apart. Find the 
rate of each cyclist. 


Two planes leave an airport at 8 A.M., one flying north at 480 km /h and the 
other flying south at 520 km/h. At what time will they be 3000 km apart? 


A long-distance runner started on a course running at an average speed of 
6 mph. Half an hour later, a second runner began the same course at an aver- 
age speed of 7 mph. How long after the second runner started will the sec- 
ond runner overtake the first runner? 


Michael Chan leaves a dock in his motorboat and travels at an average speed 
of 9 mph toward the Isle of Shoals, a small island off the coast of Massachu- 
setts. Two hours later a tour boat leaves the same dock and travels at an aver- 
age speed of 18 mph toward the same island. How many hours after the tour 
boat leaves will Michael’s boat be alongside the tour boat? 


A 555-mile, 5-hour plane trip was flown at two speeds. For the first part of 
the trip, the average speed was 105 mph. For the remainder of the trip, the 
average speed was 115 mph. How long did the plane fly at each speed? 
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An executive drove from home at an average speed of 30 mph to an airport 
where a helicopter was waiting. The executive boarded the helicopter and 
flew to the corporate offices at an average speed of 60 mph. The entire dis- 
tance was 150 mi. The entire trip took 3 h. Find the distance from the airport 
to the corporate offices. 


Tim and Helena are at opposite ends of a 12-mile country road with plans to 
meet for a picnic lunch. Tim starts out jogging at the rate of 5 mph, while 
Helena roller blades at the rate of 7 mph. How long after they begin will 
they meet? 


After a sailboat had been on the water for 3 h, a change in the wind direction 
reduced the average speed of the boat by 5 mph. The entire distance sailed 
was 57 mi. The total time spent sailing was 6 h. How far did the sailboat 
travel in the first 3 h? 


A car and a bus set out at 3 P.M. from the same point headed in the same direc- 
tion. The average speed of the car is twice the average speed of the bus. In 
2 h, the car is 68 mi ahead of the bus. Find the rate of the car. 


A passenger train leaves a train depot 2 h after a freight train leaves the same 
depot. The freight train is traveling 20 mph slower than the passenger train. 
Find the rate of each train if the passenger train overtakes the freight train in 
oh. 


A stunt driver was needed at the production site of a Hollywood movie. The 
average speed of the stunt driver’s flight to the site was 150 mph, and the 
average speed of the return trip was 100 mph. Find the distance of the round 
trip if the total flying time was 5 h. 


A ship traveling east at 25 mph is 10 mi from a harbor when another ship 
leaves the harbor traveling east at 35 mph. How long does it take the second 
ship to catch up to the first ship? 


At 10 A.M. a plane leaves Boston, Massachusetts, for Seattle, Washington, a 
distance of 3000 mi. One hour later a plane leaves Seattle for Boston. Both 
planes are traveling at a speed of 500 mph. How many hours after the plane 
leaves Seattle will the planes pass each other? 


At noon a train leaves Washington, D.C., headed for Charleston, South 
Carolina, a distance of 500 mi. The train travels at a speed of 60 mph. At 
1 P.M. a second train leaves Charleston headed for Washington, D.C., travel- 
ing at 50 mph. How long after the train leaves Charleston will the two trains 
pass each other? 


Two cyclists start at the same time from opposite ends of a course that is 
51 mi long. One cyclist is riding at a rate of 16 mph, and the second cyclist is 
riding at a rate of 18 mph. How long after they begin will they meet? 


100 mph 








150 mph 
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A bus traveled on a straight road for 2h at an average speed that was 20 mph 
faster than its average speed on a winding road. The time spent on the wind- 
ing road was 3 h. Find the average speed on the winding road if the total trip 
was 210 mi. 


A bus traveling at a rate of 60 mph overtakes a car traveling at a rate of 
45 mph. If the car had a 1-hour head start, how far from the starting point 
does the bus overtake the car? 


A car traveling at 48 mph overtakes a cyclist who, riding at 12 mph, had a 
3-hour head start. How far from the starting point does the car overtake 
the cyclist? 


A plane left Kennedy Airport Tuesday morning for a 605-mile, 5-hour trip. 
For the first part of the trip, the average speed was 115 mph. For the remain- 
der of the trip, the average speed was 125 mph. How long did the plane fly 
at each speed? 


APPLYING CONCEPTS 4.7 
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A car and a cyclist start at 10 A.M. from the same point, headed in the same 
direction. The average speed of the car is 5 mph more than three times the 
average speed of the cyclist. In 1.5 h, the car is 46.5 mi ahead of the cyclist. 
Find the rate of the cyclist. 


A cyclist and a jogger set out at 11 A.M. from the same point, headed in the 
same direction. The average speed of the cyclist is twice the average speed 
of the jogger. In 1 h, the cyclist is 7 mi ahead of the jogger. Find the rate of 
the cyclist. 


A car and a bus set out at 2 P.M. from the same point, headed in the same 
direction. The average speed of the car is 30 mph slower than twice the aver- 
age speed of the bus. In 2 h, the car is 30 mi ahead of the bus. Find the rate 
of the car. 


At 10 a.M., two campers left their campsite by canoe and paddled down- 
stream at an average speed of 12 mph. They then turned around and paddled 
back upstream at an average rate of 4 mph. The total trip took 1 h. At what 
time did the campers turn around downstream? 


At 7 A.M., two joggers start from opposite ends of an 8-mile course. One jog- 
ger is running at a rate of 4 mph, and the other is running at a rate of 6 mph. 
At what time will the joggers meet? 


A truck leaves a depot at 11 A.M. and travels at a speed of 45 mph. At noon, 
a van leaves the same place and travels the same route at a speed of 65 mph. 
At what time does the van overtake the truck? 
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27. A bicyclist rides for 2 h at a speed of 10 mph and then returns at a speed of 
20 mph. Find the cyclist’s average speed for the trip. 


28. Acar travels a 1-mile track at an average speed of 30 mph. At what average 
speed must the car travel the next mile so that the average speed for the 2 mi 


is 60 mph? 


22: VA Explain why the motion problems in this section are restricted to uniform 


motion. 


30. ¥ Explain why 60 mph is the same as 88 ft/s. 





SECTION 48 
Inequalities 





———— gs 
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Applications of inequalities (Cb) ee 


Solving application problems requires recognition of the verbal phrases that trans- 
late into mathematical symbols. Here is a partial list of the phrases used to indi- 


cate each of the f 


our inequality symbols. 


< is less than > is greater than 
is more than 
exceeds 
= is less than or equal to = is greater than or equal to 
maximum minimum 
at most at least 
or less or more 
Example 1 A student must have at least 450 points out of 500 points on 


Strategy 


Solution 


five tests to receive an A in a course. One student’s results on the 
first four tests were 93, 79, 87, and 94. What scores on the last test 
will enable this student to receive an A in the course? 


To find the scores, write and solve an inequality using N to rep- 
resent the score on the last test. 


total number | is greater 
of points on than or 450 
the five tests equal to 


93 + 79 + 87 + 94+ N = 450 
353 + N = 450 

353:°39353) +N ==) 45055353 
N=97 


The student’s score on the last test must be equal to or greater 
than 97. 











CONCEPT REVIEW 4.8 
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An appliance dealer will make a profit on the sale of a television 
set if the cost of the new set is less than 70% of the selling price. 
What minimum selling price will enable the dealer to make a 
profit on a television set that costs the dealer $340? 


See page S10. 


The base of a triangle is 8 in., and the height is (3x — 5) in. 
Express as an integer the maximum height of the triangle when 
the area is less than 112 in’. 


To find the maximum height: 

™ Replace the variables in the area formula by the given values 
and solve for x. 

m™ Replace the variable in the expression 3x — 5 with the value 
found for x. 


one-half the is 
base times less 112 in? 
the height than 


5(8)(3x —5y= 412 


A Bx so) 2 
12 20 2 
Ee 220 et 20s De 0) 
| 2k 132 
ide 182 
12 12 
as 
3x — 5 = 3(11) —5 = 28 _ > Substitute the value of x into the vari- 
able expression for the height. Note 
that the height is less than 28 because 
pone le 


The maximum height of the triangle is 27 in. 


Company A rents cars for $9 per day and 10¢ per mile driven. 
Company B rents cars for $12 per day and 8¢ per mile driven. 
You want to rent a car for one week. What is the maximum num- 
ber of miles you can drive a Company A car if it is to cost you 
less than a Company B car? 


See page S10. 


Determine whether the statement is always true, sometimes true, or never true. 


1. Both “is greater than” and “is more than” indicate the inequality symbol =. 


2. A minimum refers to a lower limit, whereas a maximum refers to an upper 


limit. 
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Given that x > = the minimum integer that satisfies the inequality is 6. 
Given that x < = the maximum integer that satisfies the inequality is 7. 


A rental car costs $15 per day and 20¢ per mile driven. If m represents the 
number of miles the rental car is driven, then the expression 15 + 0.20m rep- 
resents the cost to rent the car for one week. 


A patient’s physician recommends a maximum cholesterol level of 205 units. 
The patient’s cholesterol level is 199 units and therefore must be lowered 
6 units in order to meet the physician’s recommended level. 


EXERCISES 4.8 


1. 


Integer Problems Three-fifths of a number is greater than two-thirds. Find 
the smallest integer that satisfies the inequality. 


Sports To be eligible for a basketball tournament, a basketball team must 
win at least 60% of its remaining games. If the team has 17 games remaining, 
how many games must the team win to qualify for the tournament? 


Income Taxes To avoid a tax penalty, at least 90% of a self-employed per- 
son’s total annual income tax liability must be paid by April 15. What 
amount of income tax must be paid by April 15 by a person with an annual 
income tax liability of $3500? 


Health A health official recommends a maximum cholesterol level of 
220 units. A patient has a cholesterol level of 275. By how many units must 
this patient’s cholesterol level be reduced to satisfy the recommended maxi- 
mum level? 


Recycling A service organization will receive a bonus of $200 for collecting 
more than 1850 lb of aluminum cans during its four collection drives. On the 
first three drives, the organization collected 505 lb, 493 lb, and 412 lb. How 
many pounds of cans must the organization collect on the fourth drive to 
receive the bonus? 


Education A professor scores all tests with a maximum of 100 points. To 
earn an A in this course, a student must have an average of at least 92 on 
four tests. One student’s grades on the first three tests were 89, 86, and 90. 
Can this student earn an A grade? 


Education Astudent must have an average of at least 80 points on five tests 
to receive a B ina course. The student’s grades on the first four tests were 75, 
83, 86, and 78. What scores on the last test will enable this student to receive 
a B in the course? 
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Compensation A car sales representative receives a commission that is the 
greater of $250 or 8% of the selling price of a car. What dollar amounts in 


the sale price of a car will make the commission offer more attractive than the 
$250 fee? 


Compensation A sales representative for a stereo store has the option of a 
monthly salary of $2000 or a 35% commission on the selling price of each 
item sold by the representative. What dollar amounts in sales will make the 
commission more attractive than the monthly salary? 


Integer Problem Four times the sum of a number and five is less than six 
times the number. Find the smallest integer that satisfies the inequality. 


Compensation The sales agent for a jewelry company is offered a flat 
monthly salary of $3200 or a salary of $1000 plus an 11% commission on the 
selling price of each item sold by the agent. If the agent chooses the 
$3200 salary, what dollar amount does the agent expect to sell in one month? 


Compensation A baseball player is offered an annual salary of $200,000 or 
a base salary of $100,000 plus a bonus of $1000 for each hit over 100 hits. How 
many hits must the baseball player make to earn more than $200,000? 


Consumerism A computer bulletin board service charges a flat fee of $10 
per month or $4 per month plus $.10 for each minute the service is used. For 
how many minutes must a person use this service for the cost to exceed $10? 


Business A site licensing fee for a computer program is $1500. The fee 
allows a company to use the program at any computer terminal within the 
company. Alternatively, a company can choose to pay $200 for each com- 
puter terminal it has. How many computer terminals must a company have 
for the site licensing fee to be the more economical plan? 


Nutrition For a product to be labeled orange juice, a state agency requires 
that at least 80% of the drink be real orange juice. How many ounces of arti- 
ficial flavors can be added to 32 oz of real orange juice if the drink is to be 
labeled orange juice? 


Nutrition Grade A hamburger cannot contain more than 20% fat. How 
much fat can a butcher mix with 300 Ib of lean meat to meet the 20% require- 
ment? 


Consumerism A shuttle service taking skiers to a ski area charges $8 per 
person each way. Four skiers are debating whether to take the shuttle bus or 
rent a car for $45 plus $.25 per mile. Assuming that the skiers will share the 
cost of the car and that they want the least expensive method of transporta- 
tion, how far away is the ski area if they choose to take the shuttle service? 
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18. Llfilities A residential water bill is based on a flat fee of $10 plus a charge 
of $.75 for each 1000 gal of water used. Find the number of gallons of water 
a family can use and have a monthly water bill that is less than $55. 


19. Consumerism Company A rents cars for $25 per day and 8¢ per mile 
driven. Company B rents cars for $15 per day and 14¢ per mile driven. You 
want to rent a car for one day. Find the maximum number of miles you can 
drive a Company B car if it is to cost you less than a Company A car. 


20. Geometry Arectangle is 8 ft wide and (2x + 7) ft long. Express as an inte- 
ger the maximum length of the rectangle when the area is less than 152 ft’. 


APPLYING CONCEPTS 4.8 





21. Integer Problems Find three positive consecutive odd integers such that 
three times the sum of the first two integers is less than four times the 
third integer. (Hint: There is more than one solution.) 


22. Integer Problems Find three positive consecutive even integers such that 
four times the sum of the first two integers is less than or equal to five times 
the third integer. (Hint: There is more than one solution.) 


23. Aviation MAmaintenance crew requires between 30 min and 45 min to pre- 
pare an aircraft for its next flight. How many aircraft can this crew prepare 
for flight in a 6-hour period of time? 


24. Consumerism The charges for a long-distance telephone call are $1.21 for 
the first 3 min and $.42 for each additional minute or fraction of a minute. 
What is the largest whole number of minutes a call could last if it is to cost 
you less than $6? 


25. Fund Raising Your class decides to publish a calendar to raise money. The 
initial cost, regardless of the number of calendars printed, is $900. After the 
initial cost, each calendar costs $1.50 to produce. What is the minimum num- 
ber of calendars your class must sell at $6 per calendar to make a profit of at 
least $1200? 


26. PR, Health Care Plans The graph at the top of the next page depicts the 
~ enrollment of American employees in managed care vs. traditional 
insurance. 


a. During which years was enrollment in traditional insurance plans less 
than 25%? 


b. During which years was enrollment in managed care programs greater 
than 75%? 


c. During which years was enrollment in traditional insurance plans greater 
than 50%? 
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d. During which years was enrollment in traditional insurance programs 


v . 





greater than enrollment in managed care programs? 
Write a paragraph describing any pattern you see in the graph. 





Source: Mercer/Foster Higgins National Survey of Employer-Sponsored Health Plans, 1998 


ocus on Problem Solving 


Trial-and-Error Approach to Problem Solving 


The questions below require an answer of always true, sometimes true, or never 
true. These problems are best solved by the trial-and-error method. The trial-and- 
error method of arriving at a solution to a problem involves repeated tests or 
experiments. 


For example, consider the statement 


Both sides of an equation can be divided by the same number without 
changing the solution of the equation. 


The solution of the equation 6x = 18 is 3. If we divide both sides of the equation 
by 2, the result is 3x = 9 and the solution is still 3. Thus the answer “never true” 
has been eliminated. We still need to determine whether there is a case for which 
it is not true. Is there a number that we could divide both sides of the equation by 
and the result would be an equation for which the solution is not 3? If we divide 
: el 18 ; : : 
both sides of the equation by 0, the result is A = 77 the solution of this equation 
is not 3 because the expressions on either side of the equals sign are undefined. 
Thus the statement is true for some numbers and not true for 0. The statement is 


sometimes true. 
Determine whether the statement is always true, sometimes true, or never true. 


1. Both sides of an equation can be multiplied by the same number without 
changing the solution of the equation. 
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2. For an equation of the form ax = b,a # 0, multiplying both sides of the equa- 
tion by the reciprocal of a will result in an equation of the form x = constant. 


3. The Multiplication Property of Equations is used to remove a term from one 
side of an equation. 


4. Adding —3 to each side of an equation yields the same result as subtracting 3 
from each side of the equation. 


5. An equation contains an equals sign. 


6. The same variable term can be added to both sides of an equation without 
changing the solution of the equation. 


7. An equation of the form ax + b = c cannot be solved if a is a negative number. 


8. The solution of the equation = =i0is10: 


9. For the diagram at the left, 2b = 2d = Ze = Zg. 


10. In solving an equation of the form ax + b = cx + d, subtracting cx from each 
side of the equation results in an equation with only one variable term in it. 


11. If a rope 8 meters long is cut into two pieces and one of the pieces has length 
x meters, then the length of the other piece can be represented as (x — 8) 
meters. 


12. An even integer is a multiple of 2. 


13. If the first of three consecutive odd integers is n, then the second and third 
consecutive odd integers are represented asn + 1 andn + 3. 


14. Suppose we are mixing two salt solutions. Then the variable Q in the percent 
mixture equation Q = Ar represents the amount of salt in a solution. 


15. If 100 oz of a silver alloy is 25% silver, then the alloy contains 25 oz of silver. 


16. If we combine an alloy that costs $8 an ounce with an alloy that costs $5 an 
ounce, the cost of the resulting mixture will be greater than $8 an ounce. 


17. If we combine a 9% acid solution with a solution that is 4% acid, the resulting 
solution will be less than 4% acid. 


18. If the speed of one train is 20 mph slower than that of a second train, then the 
speeds of the two trains can be represented as r and 20 — r. 


Diagramming Problems 


How do you best remember something? Do you remember best what you hear? 
The word aural means “pertaining to the ear”; people with a strong aural memory 
remember best those things that they hear. The word visual means “pertaining to 
the sense of sight”; people with a strong visual memory remember best that which 
they see written down. Some people claim their memory is in their writing hand— 
they remember something only if they write it down! The method by which you 
best remember something is probably also the method by which you can best 
learn something new. 


In problem-solving situations, try to capitalize on your strengths. If you tend to 
understand material better when you hear it spoken, read application problems 
aloud or have someone else read them to you. If writing helps you to organize 
ideas, rewrite application problems in your own words. 
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No matter what your main strength, visualizing a problem can be a valuable aid 
in problem solving. A drawing, sketch, diagram, or chart can be a useful tool in 
problem solving, just as calculators and computers are tools. Making a diagram 
can help you gain an understanding of the relationships inherent in a problem- 
solving situation. A sketch will help you to organize the given information and 
devise or discover a method by which the solution can be determined. 


A tour bus drives 5 mi south, then 4 mi west, then 3 mi north, and then 4 mi east. 
How far is the tour bus from the starting point? 


Draw a diagram of the given information. Start 


From the diagram, we can see that the solution can be 4 mi 
determined by subtracting 3 from 5:5 — 3 = 2. 


5 ml 


The bus is 2 mi from the starting point. ae 


4 mi 


If you roll two ordinary six-sided dice and multiply the two numbers that appear 
on top, how many different products are there? 


Make a chart of the possible products. In the chart below, repeated products are 
marked with an asterisk. 


eit LA ee eS oS 4-1]=4* Br al S55 * 6 =6% 
P22 222 —4* "3-2 —6" 42 = 8" 52S 10% yo O22 
ISR OP agase SSO ins fpeoare Ai 12 DAG Sb 6 3 == 134 
1:4=4 2-4=8 3:4=12* 4:4=16 5°4=20* 6:-4=24* 
1 DT Od 2) Oa ign A Oe LS A> 5,= 20 De = 25 Gu soho Ola 
1° 6=6> 2°6=12 3.6= 18 4-6= 24 5° 6 = 30 6-6 = 36 


By counting the products that are not repeats, we can see that there are 18 differ- 
ent products. 


In this chapter, you may have noticed that a drawing accompanies the strategy 
step of many application problems. We encourage you to draw a diagram when 
solving the application problems in these sections, as well as in any other situa- 
tion where it can prove helpful. Doing so will undoubtedly improve your prob- 
lem-solving skills. 
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Nielsen Ratings 


Nielsen Media Research surveys television viewers to determine the number of 
people watching particular shows. There are an estimated 97 million television 
households in the United States. Each rating point represents 1% of that number, 
or 970,000 households. Therefore, for example, if 60 Minutes receives a rating 
of 10 points, then 10%, or (0.10)(97,000,000) = 9,700,000 households, watched 
that program. 
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POINT OF INTEREST 


The top-ranked programs in 
network prime time for the 
week of November 2 to 
November 8, 1998, ranked by 
Nielsen Media Research, 
were: 

ER 

Friends 

Frasier 

60 Minutes 

Touched by an Angel! 

CBS Sunday Night Movie 

Jesse 

NBC Movie of the Week 

Veronica's Closet 

Monday Night Football 





A rating point does not mean that 970,000 people are watching a program. A rat- 
ing point refers to the number of TV sets tuned to that program, there may be 
more than one person watching a television set in a household. 


The Nielsen Company also describes a program’s share of the market. Share is the 
percentage of television sets in use that are tuned to a program. Suppose the same 
week that 60 Minutes received 10 rating points, the show received a share of 20%. 
This would mean that 20% of all households with a television turned on were 
tuned to 60 Minutes, while 10% of all households with a television were tuned to 
the program. 


1. If 20/20-Wednesday received a Nielsen rating of 11.2 and a share of 23, how 
many TV households watched the program that week? How many TV house- 
holds were watching television during that hour? 


2. Suppose that X-Files received a rating of 9.6 and a share of 18. How many TV 
households were watching television during that hour? How many TV house- 
holds watched the program that week? 


3. Suppose Frasier received a rating of 12.3 during a week that 17,100,000 people 
were watching the show. Find the average number of people per TV house- 
hold who watched the program. Round to the nearest tenth. 


The cost to advertise on a program is related to its Nielsen rating. The sponsor (the 
company paying for the advertisement) pays a certain number of dollars for each 
rating point a show receives. 


4. Suppose a television network charges $25,000 per rating point for a 30-second 
commercial on a daytime talk show. Determine the cost for three 30-second 
commercials if the Nielsen rating of the show is 11.5. 


Nielsen Media Research also tracks the exposure of advertisements. For example, 
it might be reported that commercials for McDonald’s had 500,000,000 household 
exposures during a week when their advertisement was aired 90 times. 


5. Information regarding household exposure of advertisements can be found in 
USA Today each Monday. For a recent week, find the information for the top 
four advertised brands. For each brand, calculate the average household 
exposure for each time the ad was aired. 


Nielsen Media Research has a web site on the Internet. You can locate the site 
under entertainment and television using a search engine. You will find the rating 
points and market share for the networks and cable stations, as well as rating 
points, share, and audience size for categories such as prime time and sports 
programming. 


6. Find the top two prime-time television shows for last week. Calculate the 
number of TV households that watched each program. Compare these figures 
with the top two sports programs for last week. 


Changes in Percent Concentration 


Suppose you begin with a 30-milliliter solution that is 10% hydrochloric acid. 


7. If 10 milliliters of a 30% solution of hydrochloric acid solution are added to 
this solution, what is the percent concentration of the resulting solution? 
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8. If x milliliters of a 30% hydrochloric acid solution are added to the original 
solution, what is the percent concentration of the resulting solution? 





9. Let y represent the percent concentration and x the number of milliliters of the 
30% hydrochloric acid solution that are being added. Use a graphing calcu- 


lator to graph the equation. Use a viewing window of Xmin = 0, Xmax = 50, 
Ymin = 0, and Ymax = 0.3. Use the graph to determine whether the change 
in percent concentration from X = 10 to X = 20 is the same as the change in 
percent concentration from X = 20 to X = 30. 


10. If more and more of the 30% hydrochloric acid solution is added to the origi- 
nal mixture, will the percent concentration of the resulting solution ever 
exceed 30%? Explain your answer. 


Chapter Summary 


Key Words 


Consecutive integers follow one another in order. (Objec- 
tive 4.2.1) 


The perimeter of a geometric figure is a measure of the distance 
around the figure. (Objective 4.3.1) 


An angle is measured in degrees. A 90° angle is a right angle. A 
180° angle is a straight angle. One complete revolution is 360°. 
An acute angle is an angle whose measure is between 0° and 90°. 
An obtuse angle is an angle whose measure is between 90° and 
180°. An isosceles triangle has two sides of equal measure. The 
three sides of an equilateral triangle are of equal measure. Com- 
plementary angles are two angles whose measures have the sum 
90°. Supplementary angles are two angles whose measures have 
the sum 180°. (Objective 4.3.2) 


Parallel lines never meet; the distance between them is always 
the same. Perpendicular lines are intersecting lines that form 
right angles. Two angles that are on opposite sides of the inter- 
section of two lines are vertical angles; vertical angles have the 
same measure. Two angles that share a common side are adja- 
cent angles; adjacent angles of intersecting lines are supple- 
mentary angles. (Objective 4.3.2) 


A line that intersects two other lines at two different points 
is a transversal. If the lines cut by a transversal are parallel 
lines, then pairs of equal angles are formed: alternate inter- 
ior angles, alternate exterior angles, and corresponding angles. 
(Objective 4.3.2) 


11, 12, 13 are consecutive integers. 
—9, —8, —/ are consecutive intezers: 


The perimeter of a triangle is the sum of the 
lengths of the three sides. 

The perimeter of a rectangle is the sum of 
the lengths of the four sides. 


90: 
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Cost is the price that a business pays for a product. Selling price 
is the price for which a business sells a product to a customer. 
Markup is the difference between selling price and cost. Markup 
rate is the markup expressed as a percent of the retailer’s cost. 
(Objective 4.4.1) 


Discount is the amount by which a retailer reduces the regular 
price of a product. Discount rate is the discount expressed as a 
percent of the regular price. (Objective 4.4.2) 


Essential Rules and Procedures 


Consecutive Integers 
Wwwr lise 2... (Objectives 21) 


Consecutive Even or Consecutive Odd Integers 
nn+2,n + 4,... (Objective 4.2.1) 


Coin and Stamp Equation 
Number Value of ae Total value 


of coins coin in cents in cents (Objective 4.2.2) 


Formulas for Perimeter 


Triangle: P =a) c 
Rectangle: 2a 
Square: P= As 
(Objective 4.3.1) 


Sum of the Angles of a Triangle 

The sum of the measures of the interior angles of a triangle 
is 180°. 

BARB tC = 180° 

The sum of an interior and corresponding exterior angle 
is 180°. 

(Objective 4.3.3) 


Basic Markup Equation 
S=C+rC (Objective 4.4.1) 


If a business pays $100 for a product and 
sells that product for $140, then the cost of 
the product is $100, the selling price is $140, 
and the markup is $140 — $100 = $40. 


The regular price of a product is $100. The 
product is now on sale for $75. The dis- 
count on the product is $100 — $75 = $25. 


The sum of three consecutive integers 
iS) 135; 


nea + lye 2) = 135 


The sum of three consecutive odd integers 
ig; 135; 


n+ (i+ 2) + + 4) = 165 


A coin bank contains $1.80 in dimes and 
quarters. In all, there are twelve coins in the 
bank. How many dimes are in the bank? 


10d + 25(12 — d) = 180 


The perimeter of a rectangle is 108 m. The 
length is 6 m more than three times the 
width. Find the width of the rectangle. 


108 = 2(3W + 6) + 2W 


The perimeter of an isosceles triangle is 
34 ft. The length of the third side is 5 ft less 
than the length of one of the equal sides. 
Find the length of one of the equal sides. 


34=x+x+(x—-5) 
In a right triangle, the measure of one acute 
angle is 12° more than the measure of the 


smallest angle. Find the measure of the 
smallest angle. 


x + (x + 12) + 90 = 180 


The manager of a department buys a pasta 
maker machine for $70 and sells the ma- 
chine for $98. Find the markup rate. 


98 = 70 4,704 


Basic Discount Equation 
S=R-—rR_ (Objective 4.4.2) 


Annual Simple Interest Equation 
I= Pr (Objective 4.5.1) 


Value Mixture Equation 
V=AC_ (Objective 4.6.1) 


Percent Mixture Equation 
Q=Ar (Objective 4.6.2) 


Uniform Motion Equation 
d=rt (Objective 4.7.1) 
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The sale price for a leather bomber jacket is 
$95. This price is 24% off the regular price. 
Find the regular price. 


2O a Ua 


You invest a portion of $10,000 in a 7% 
annual simple interest account and the 
remainder in a 6% annual simple interest 
bond. The two investments earn total 
annual interest of $680. How much is 
invested in the 7% account? 


0.07x + 0.06(10,000 — x) = 680 


An herbalist has 30 oz of herbs costing $2 
per ounce. How many ounces of herbs cost- 
ing $1 per ounce should be mixed with the 
30 oz to produce a mixture costing $1.60 per 
ounce? 


30(2) + Ix = 1.60(30 + x) 


Forty ounces of a 30% gold alloy are mixed 
with 60 oz of a 20% gold alloy. Find the per- 
cent concentration of the resulting gold 
alloy. 


0.30(40) + 0.20(60) = x(100) 


A boat traveled from a harbor to an island 
at an average speed of 20 mph. The average 
speed on the return trip was 15 mph. The 
total trip took 3.5 h. How long did it take to 
travel to the island? 


20t = 15(3.5 — t) 


Chapter Review Exercises 





1. Translate “seven less than twice a number is equal to the number” into an 


equation and solve. 


2. A piano wire is 35 in. long. A note can be produced by dividing this wire 
into two parts so that three times the length of the shorter piece is twice the 
length of the longer piece. Find the length of the shorter piece. 


3. The sum of two numbers is twenty-one. Three times the smaller number is 


two less than twice the larger number. Find the two numbers. 


4. Translate “the sum of twice anumber and six equals four times the difference 


between a number and two” into an equation and solve. 
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10. 


11. 


12. 


13. 


14. 


15. 


16. 


17. 
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A ceiling fan that regularly sells for $60 is on sale for $40. Find the discount 
rate. 


A total of $15,000 is deposited into two simple interest accounts. The annual 
simple interest rate on one account is 6%. The annual simple interest rate on 
the second account is 7%. How much should be invested in each account so 
that the total interest earned is $970? 


In an isosceles triangle, the measure of one of the two equal angles is 15° 
more than the measure of the third angle. Find the measure of each angle. 


A motorcyclist and a bicyclist set out at 8 A.M. from the same point, headed 
in the same direction. The speed of the motorcyclist is three times the speed 
of the bicyclist. In 2 h, the motorcyclist is 60 mi ahead of the bicyclist. Find 
the rate of the motorcyclist. 


In an isosceles triangle, the measure of one angle is 25° less than half the mea- 
sure of one of the equal angles. Find the measure of each angle. 


The manager of a sporting goods store buys packages of cleats for $5.25 each 
and sells them for $9.45 each. Find the markup rate. 


A dairy owner mixes 5 gal of cream that is 30% butterfat with 8 gal of milk 
that is 4% butterfat. Find the percent concentration of butterfat in the result- 
ing mixture. 


The length of a rectangle is four times the width. The perimeter is 200 ft. Find 
the length and width of the rectangle. 


The manager of an accounting firm is investigating contracts whereby large 
quantities of material can be photocopied at minimum cost. The contract 
from the Copy Center offers a fee of $50 per year and $.03 per page. The 
Prints 4 U Company offers a fee of $27 per year and $.05 per page. What is 
the minimum number of copies per year that could be ordered from the 
Copy Center if these copies are to cost less than copies from Prints 4 U? 


The sale price for a carpet sweeper is $26.56, which is 17% off the regular 
price. Find the regular price. 


The owner of a health food store combined cranberry juice that cost $1.79 per 
quart with apple juice that cost $1.19 per quart. How many quarts of each 
were used to make 10 qt of a cranapple juice mixture costing $1.61 per quart? 


A famous mystery writer is contracted to autograph copies of her new book 
at a bookstore. As a special promotion that day, the book is selling for $15.95, 
which is only 30% above the cost of the book. Find the cost of the book. 


The sum of two numbers is thirty-six. The difference between the larger 
number and eight equals the total of four and three times the smaller num- 
ber. Find the two numbers. 


18. 


1. 


20. 


ats 


ae 


23% 


24. 


Zo: 


26. 


21s 


28. 


29: 


30. 
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An engineering consultant invested $14,000 in an individual retirement 
account paying 8.15% annual simple interest. How much money does the 
consultant have deposited in an account paying 12% annual simple interest 
if the total interest earned is 9.25% of the total investment? 


You have removed all the hearts from a standard deck of playing cards and 
have arranged them in numerical order. Suppose I pick two consecutive 
cards and tell you their sum is 15. Name the two cards I picked. 


A pharmacist has 15 L of an 80% alcohol solution. How many liters of pure 
water should be added to the alcohol solution to make an alcohol solution 
that is 75% alcohol? 


A student’s grades on five sociology exams were 68, 82, 90, 73, and 95. What 
is the lowest score this student can receive on the sixth exam and still have 
earned a total of at least 480 points? 


Translate “the opposite of seven is equal to one-half a number less ten” into 
an equation and solve. 


The Empire State Building is 1472 ft tall. This is 514 ft less than twice the 
height of the Eiffel Tower. Find the height of the Eiffel Tower. 


One angle of a triangle is 15° more than the measure of the second angle. The 
third angle is 15° less than the measure of the second angle. Find the measure 
of each angle. 


The manager of a refreshment stand at a local stadium tallied the receipts for 
one evening. There was a total of $263 in one-dollar bills and five-dollar bills. 
In all, there were 155 bills. Find the number of one-dollar bills. 


A board 10 ft long is cut into two pieces. Four times the length of the shorter 
piece is 2 ft less than two times the length of the longer piece. Find the length 
of the longer piece. 


An optical engineer’s consulting fee was $600. This included $80 for supplies 
and $65 for each hour of consultation. Find the number of hours of consultation. 


A stamp collector has 12¢ stamps and 17¢ stamps with a total face value of 
$15.53. The number of 12¢ stamps is three more than twice the number of 
17¢ stamps. How many of each type are in the collection? 


A furniture store uses a markup rate of 60%. The store sells a solid oak curio 
cabinet for $1074. Find the cost of the curio cabinet. 


The largest swimming pool in the world is located in Casablanca, Morocco, 
and is 480 m long. Two swimmers start at the same time from opposite ends 
of the pool and start swimming toward each other. One swimmer’s rate is 
65 m/min. The other swimmer’s rate is 55 m/min. In how many minutes 
after they begin will they meet? 
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31. The perimeter of a triangle is 35 in. The second side is 4 in. longer than the 
first side. The third side is 1 in. shorter than twice the first side. Find the mea- 
sure of each side. 


32. The sum of three consecutive odd integers is —45. Find the integers. 


33. Arectangle is 15 ft long and (2x — 4) ft wide. Express as an integer the maxi- 
mum width of the rectangle when the area is less than 180 ft’. 


34. Given that ¢, || €,, find the measures of angles a and b. 138° a 


_ Chapter Test 





1. Translate “the sum of six times a number and thirteen is five less than the 
product of three and the number” into an equation and solve. 


2. Translate “the difference between three times a number and fifteen is twenty- 
seven” into an equation and solve. 


3. Thesum of two numbers is 18. The difference between four times the smaller 
number and seven is equal to the sum of two times the larger number and 
five. Find the two numbers. 


4. Aboard 18 ft long is cut into two pieces. Two feet less than the product of five 
and the length of the shorter piece is equal to the difference between three 
times the length of the longer piece and eight. Find the length of each piece. 


5. The manager of a sports shop uses a markup rate of 50%. The selling price 
for a set of golf clubs is $300. Find the cost of the golf clubs. 


6. A portable typewriter that regularly sells for $100 is on sale for $80. Find the 
discount rate. 


7. How many gallons of a 15% acid solution must be mixed with 5 gal of a 20% 
acid solution to make a 16% acid solution? 


8. The perimeter of a rectangle is 38 m. The length of the rectangle is 1 m less 
than three times the width. Find the length and width of the rectangle. 


9. Find three consecutive odd integers such that three times the first integer is 
one less than the sum of the second and third integers. 


10. 


11. 


2. 


13. 


14. 


15; 


16. 


Wis 


18. 
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Florist A charges a $3 delivery fee plus $21 per bouquet delivered. Florist B 
charges a $15 delivery fee plus $18 per bouquet delivered. An organiza- 
tion wants to send each resident of a small nursing home a bouquet for 
Valentine’s Day. How many residents are in the nursing home if it is more 
economical for the organization to use Florist B? 


A total of $7000 is deposited into two simple interest accounts. On one 
account, the annual simple interest rate is 10%, and on the second account, 
the annual simple interest rate is 15%. How much should be invested in each 
account so that the total annual interest earned is $800? 


A coffee merchant wants to make 12 lb of a blend of coffee costing $6 per 
pound. The blend is made using a $7 grade and a $4 grade of coffee. How 
many pounds of each of these grades should be used? 


Two planes start at the same time from the same point and fly in opposite 
directions. The first plane is flying 100 mph faster than the second plane. In 
3 h, the two planes are 1050 mi apart. Find the rate of each plane. 


Ina triangle, the first angle is 15° more than the second angle. The third angle 
is three times the second angle. Find the measure of each angle. 


A coin bank contains 50 coins in nickels and quarters. The total amount of 
money in the bank is $9.50. Find the number of nickels and the number of 
quarters in the bank. 


A club treasurer deposited $2400 in two simple interest accounts. The annual 
simple interest rate on one account is 6.75%. The annual simple interest rate 
on the other account is 9.45%. How much should be deposited in each 
account so that the same interest is earned on each account? 


The width of a rectangle is 12 ft. The length is (3x + 5) ft. Express as an inte- 
ger the minimum length of the rectangle if the area is greater than 276 ft’. 


A file cabinet that normally sells for $99 is on sale for 20% off. Find the sale 
price. 


~ Cumulative Review Exercises 





Given B = {—12, —6, —3, —1}, which elements Zeon pity 2 (8) y=) 
of set B are less than —4? 
3,3 \2 ’ ‘ 5 DN 2a (ill 1 
Simplify: (-2) (-2) 4, Simplify: ¢ — 3) & ( = ;| 
Evaluate —|—18]. 6. Evaluate b? — (a — b)’ whena = 4and b = ~1. 
Simplify: 5x — 3y — (—4x).+ 7y 8 Simplify: —4(3 — 2x — 5x) 


Simplify 2% — 3% 1) — 9] 10. Simplify: —3x? — (—5x’) + 4 
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11. Isi2 asolution of 4 24 == 2 4? 12. Solve:9 — x= 12 

13. Solve: ix = 12 14, “Solvers —6='=7 

15. Solve: —6x — 43 — 2x) =4x+8 16. Write 40% as a fraction. 

17. Solve and graph the solution set of 4x = 16. 18: ‘Solve: =15x'="45 

195 “Solver 2%— 3. 7 15 20. Solve: 12 — 4(x — 1) = 5(x — 4) 
21. Write 0.025 as a percent. 22. Write = as a percent. 

23. Find 165% of 18. 24, 40% of what is 18? 


25. Translate “the sum of eight times a number and twelve is equal to the prod- 
uct of four and the number” into an equation and solve. 


26. The area of the cement foundation of a house is 2000 ft’. This is 200 ft? more 
than three times the area of the garage. Find the area of the garage. 


27. An auto repair bill was $213. This includes $88 for parts and $25 for each 
hour of labor. Find the number of hours of labor. 


28. A survey of 250 librarians showed that 50 of the libraries had a particular 
reference book on their shelves. What percent of the libraries had the refer- 
ence book? 


29. A deposit of $4000 is made into an account that earns 11% annual simple 
interest. How much money is also deposited in an account that pays 14% 
annual simple interest if the total annual interest earned is 12% of the total 
investment? 


30. The manager of a department store buys a chain necklace for $8 and sells it 
for $14. Find the markup rate. 


31. How many grams of a gold alloy that costs $4 a gram must be mixed with 
30 g of a gold alloy that costs $7 a gram to make an alloy costing $5 a gram? 


32. How many ounces of pure water must be added to 70 oz of a 10% salt solu- 
tion to make a 7% salt solution? 


33. In an isosceles triangle, the third angle is 8° less than twice the measure of 
one of the equal angles. Find the measure of one of the equal angles. 


34. Three times the second of three consecutive even integers is 14 more than the 
sum of the first and third integers. Find the middle even integer. 


35. Acoin bank contains dimes and quarters. The number of quarters is five less 
than four times the number of dimes. The total amount in the bank is $6.45. 
Find the number of dimes in the bank. 





Broadcast technicians operate the 
electronic equipment used to record 
and transmit radio and television 
programs, and they help prepare movie 
soundtracks for production studios. 
They work with television cameras, 
microphones, tape recorders, light and 
sound effects, transmitters, antennas, 
and other equipment. These technicians 
must be able to read and interpret 
graphs such as those discussed in this 
chapter. 








Linear Equations 
and Inequalities 


5.1 


5.1.2 
D2.) 


5.2.2 
3.2.3 
D.d.1 
3.3.2 
5.4.1 


5.4.2 


5.5.1 
5.5.2 
5.6.1 


OBJECTIVES 

Graph points in a rectangular coordinate 
system 

Scatter diagrams 


Determine solutions of linear equations in two 
variables 


Graph equations of the form y = mx + b 
Graph equations of the form Ax + By = C - 
Find the slope of a straight line 

Graph a line using the slope and y-intercept 


Find the equation of a line using the equation 
y- me + D 


Find the equation of a line using the point- 
slope formula 


Introduction to functions 
Graphs of linear functions 
Graph inequalities in two variables 
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Magic Squares 


A magic square is a square array of distinct integers so 
arranged that the numbers along any row, column, or 
main diagonal have the same sum. An example of a magic 


SRS 
| [| Be 


feels 


84 


ree 
ore 
9 |2 | 


eS 








square is shown at the right. 


The oldest known example of a magic square comes from 
China. Estimates are that this magic square is over 4000 years 
old. It is shown at the left. 


There is a simple way to produce a magic square with an 
odd number of cells. Start by writing a 1 in the top middle cell. 
The rule then is to proceed diagonally upward to the right with 
the successive integers. See Figure A. 


When the rule takes you outside the square, write the 
number by shifting either across the square from right to left or 
down the square from top to bottom, as the case may be. For 
example, in Figure B, the second number (2) is outside the 
square above a column. Because the 2 is above a column, it 
should be shifted down to the bottom cell in that column. In 
Figure C, the 3 is outside the square to the right of a column 
and should therefore be shifted all the way to the left. 


If the rule takes you to a square that is already filled (as 
shown in Figure C), then write the number in the cell directly 
below the last number written. See Figure D. Continue until 
the entire square is filled. 


It is possible to begin a magic square with any integer and 
proceed by using the above rule and consecutive integers. 
For an odd magic square beginning with 1, the sum of a 
(n? + 1) 


i sea : 
row, column, or diagonal is > where 1 is the number 


of rows. 
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Sobwe dhl ON. 


The Rectangular Coordinate 
System 





———7 
a 


BH Graph points in a rectangular coordinate (3) 
system 


Before the 15th century, geometry and algebra were considered separate branches 
of mathematics. That all changed when René Descartes, a French mathematician 
who lived from 1596 to 1650, founded analytic geometry. In this geometry, a coor- 
dinate system is used to study the relationships between variables. 


A rectangular coordinate system is formed by 
two number lines, one horizontal and one ver- 
tical, that intersect at the zero point of each 
line. The point of intersection is called the ori- 
gin. The two axes are called the coordinate 
axes, or simply the axes. Generally, the hori- 
zontal axis is labeled the x-axis, and the verti- 
cal axis is labeled the y-axis. 


The axes determine a plane, which can be 
thought of as a large, flat sheet of paper. The 
two axes divide the plane into four regions 
called quadrants, which are numbered counter- 
clockwise from I to IV starting at the upper 
right. 





Each point in the plane can be identified by a pair of numbers called an ordered 
pair. The first number of the ordered pair measures a horizontal distance and is 
called the abscissa, or x-coordinate. The second number of the pair measures a 
vertical distance and is called the ordinate, or y-coordinate. The ordered pair 
(x, y) associated with a point is also called the coordinates of the point. 


Horizontal distance | e=oe Vertical distance 


Ordered pair ——> (3, 4) 
x-coordinate reese | fe y-coordinate 


To graph, or plot, a point in the plane, place a dot 
at the location given by the ordered pair. For 
example, to graph the point (4, 1), start at the ori- 
gin. Move 4 units to the right and then 1 unit up. 
Draw a dot. To graph (—3, —2), start at the origin. 
Move 3 units left and then 2 units down. Draw 
a dot. 









(4, 1) 
4°-@up 1 


x 
De eae 





The graph of an ordered pair is the dot drawn at 
the coordinates of the point in the plane. The 
graphs of the ordered pairs (4, 1) and (—3, —2) are 
shown at the right. 
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LOOK CLOSELY 


This is very important. An 
ordered pair is a pair of 
coordinates, and the order in 
which the coordinates 
appear is important. 





The graphs of the points whose coordinates are (2, 3) 
and (3, 2) are shown at the right. Note that they are 
different points. The order in which the numbers in an 
ordered pair appear is important. 


Each point in the plane is associated with an ordered 
pair, and each ordered pair is associated with a point 
in the plane. Although only integers are labeled on the 
coordinate grid, any ordered pair can be graphed by 
approximating its location. The graphs of the ordered 


2 ; and (—2.4, 3.5) are shown at the right. 


pairs DAB 





Example 1 Graph the ordered pairs (—2, —3), (3, —2), (1, 3), and (4, 1). 


Solution 





Problem 1 Graph the ordered pairs (—1, 3), (1, 4), (—4, 0), and (—2, = 
Solution See page S10. 


Example 2 Find the coordinates of each of the points. 


iy 





Solution A(—4, —2), B(4, 4), C(0, —3), D(@, —2) 


Section 5.1 / The Rectangular Coordinate System 211 


Problem 2 Find the coordinates of each of the points. 





Solution See page S10. 


— 
Lt 


Scatter diagrams (3) 


There are many situations in which the relationship between two variables may 
be of interest. For example, a college admissions director wants to know the rela- 
tionship between SAT scores (one variable) and success in college (the second 
variable). An employer is interested in the relationship between scores on a pre- 
employment test and ability to perform a job. 


A researcher can investigate the relationship between two variables by means of 
regression analysis, which is a branch of statistics. The study of the relationship 
between two variables may begin with a scatter diagram, which is a graph of 
some of the known data. 


The following table gives the record times for events of different lengths at a track 
meet. Record times are rounded to the nearest second. Lengths are given in 
meters. 


Length,x | 100 200 400 800 1000 1500 
Time, y 140 205) 50 F100 30s 210 


The scatter diagram for these data is 
shown at the right. Each ordered pair rep- 
resents the length of the race and the 
record time. For example, the ordered 
pair (400, 50) indicates that the record for 
the 400 m race is 50 s. 


Time of race 
(in seconds) 





0 200 600 1000 1400 


Length of race (in meters) 


r Example 3 To test a heart medicine, a doctor measures the heart rate, in 
: beats per minute, of five patients before and after they take the 
medication. The results are recorded in the table on the next 
page. Graph the scatter diagram for these data. 
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Strategy 


Solution 


Problem 3 





Solution 





CONCEPT REVIEW 5.1 


Before medicine,x | 85 80 85 75 90 

After medicine, y | 75 70 70 80 80 
Graph the ordered pairs on a rectangular coordinate system 
where the reading on the horizontal axis represents the heart rate 


before taking the medication and the vertical axis represents the 
heart rate after taking the medication. 







o 
S PMO QON eee @ @ 
g 3 2 @ 80 E 
uO Ss eI @ 
ee 5 -— 
a ea & 70 e--6 
25e5 
= cc Oo, ; : 
a : e x 
The jags indicate thata ——*_ 70 80 90 
portion of the axis has Heart rate before medicine 
been omitted. (in beats per minute) 


¢ In March of 1998, the American Council for an Energy-Effi- 
cient Economy released its ranking of environmentally 
friendly and unfriendly cars and trucks sold in the United States. 
The following table shows the fuel use, in miles per gallon of 
gasoline, both in the city and on the highway, for six of the vehi- 
cles ranked worst for the environment. Graph the scatter dia- 
gram for these data. 


Fuel use in the city, x 12> <9) 10" 2p iS ee 
Fuel use on the highway,y | 16 15 13 16 17 17 


See page S10. 


Determine whether the statement is always true, sometimes true, or never true. 


1. The point (0, 0) on a rectangular coordinate system is at the origin. 


2. When a point is plotted in the rectangular coordinate system, the first num- 
ber in an ordered pair indicates a movement up or down from the origin. The 
second number in the ordered pair indicates a movement left or right. 


3. In an xy-coordinate system, the first number is the y-coordinate and the sec- 


ond number is the x-coordinate. 
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When a point is plotted in the rectangular coordinate system, a negative x 
value indicates a movement to the left. A negative y value indicates a move- 


ment down. 


Any point plotted in quadrant III has a positive y value. 


In the figure at the right, point C is the graph of the point whose coordinates 


are (=4 2). 
Any point on the x-axis has y-coordinate 0. 


Any point on the y-axis has x-coordinate 0. 


EXERCISES 5.1 


OB 1. Y Describe the signs of the coordinates of a 


point in a. quadrant I, b. quadrant II, 
c. quadrant III, and d. quadrant IV. 


Graph the ordered pairs (—2, 1), (3, =). (— 2.4), 
and (0, 3). 


Graph the ordered pairs (OF 0705) 23,70), 
and (0, 2). 


Graph the ordered pairs (1A 2a), (Oe), 
and (4, 0). 





In which quadrant is the point located? 
ani(2 4) Dt (2372) Cae ee) 


Graph the ordered pairs (5, —))al(=3,) 9), 
(130); andi 4): 


Graph the ordered pairs (—4, 5), (—3, 1), (3, —A4), 
and (5, 0). 


Graph the ordered pairs (5, 2), (—4, = 1) (010); 
and (0, 3). 


214 


Chapter 5 / Linear Equations and Inequalities 


9. Find the coordinates of each of the points. 10. Find the coordinates of each of the points. 


11. 


13. 


15. 


y cai » 





Find the coordinates of each of the points. 12. Find the coordinates of each of the points. 





a. Name the abscissas of points A and C. 14. a. Name the abscissas of points A and C. 
b. Name the ordinates of points B and D. b. Name the ordinates of points B and D. 





@ Sports The numbers of offensive and defensive players picked in the 
- first round of the NFL draft for the years 1993 through 1998 are given 
in the following table. Graph the scatter diagram for these data. 


Number of offensive players picked, x | 192.13 AGW il7 sae 4 al 
Number of defensive players picked,y|14 16 14 13 16 16 


16. 


17. 


18. 


19. 


20. 
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g Education The number of students per computer in our schools and 
~ the number of computers in the schools for the school years 1991-1992 
through 1996-1997 are given in the following table. The number of students 
has been rounded to the nearest whole number. The number of computers 
has been rounded to the nearest million. (Source: CEO Forum on Education 
and Technology.) Graph the scatter diagram for these data. 


Number of students per computer,x | 19 12 11 9 19 7 
Number of computers, y 2c erdatigds 5. 5.6 


p. Presidential Addresses The length of each president's State of the 
» Union address and the number of interruptions by applause for the 
years 1993 through 1998 are given in the table below. (Source: USA TODAY 


research.) Graph the scatter diagram for these data. 


Length, in minutes, x bo 64-— Sila) Ole 6006 71 
Number of applause interruptions, y | 60 66 96 79 70 102 


each of the seasons from 1993-1994 through 1997-1998 are given in the 
table below. (Source: Nielsen Media Research.) Graph the scatter diagram for 
these data. 


¢ Television The rank and the rating of the TV show NYPD Blue for 


Rank, x | 21 8 10 13 16 
Rating, y | 13:9, 16.2 .141) 125. 10.9 


» Airports The table below records the number of public bathrooms 
¢ and the number of stalls at each of the following airports: Miami Inter- 
national, Chicago O’Hare, Orlando International, Dallas/Fort Worth, and 
Seattle/Tacoma. (Source: USA TODAY research; Airports Council Interna- 
tional.) Graph the scatter diagram of these data. 


Number of public bathrooms,x | 161 125 120 106 68 
Number of stalls, y 721 605 600 439 500 


p. Entertainment The table below shows the price, in dollars, for a one- 
Ss day admission ticket at Disney World for both an adult and a child for 
the years 1993 through 1998. (Source: Amusement Business.) Graph the scat- 
ter diagram for these data. 


Adult's ticket, x | 34.00 36.00 37.00 40.81 42.14 44.52 
Child’s ticket, y | 27.00 29.00 30.00 32.86 33.92 36.04 
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APPLYING CONCEPTS 5.1 


What is the distance from the given point to the horizontal axis? 


Pia Sal) 29) n(3/2+4) 23, (—6,0) 


What is the distance from the given point to the vertical axis? 


24. (—2,4) 25 (1 3) 26. (5, 0) 


27. Name the coordinates of a point plotted at the origin of the rectangular coor- 


dinate system. 


0 100 200 300 400 500 600 





28. A computer screen has a coordinate system that is different from the 100 
xy-coordinate system we have discussed. In one mode, the origin of 409]... 


the coordinate system is the top left point of the screen, as shown at ee es — sa AE GREG Oo SCRE ae 


the right. Plot the points whose coordinates are (200, 400), (0, 100), Fol nie B raed eal 
hy, 
29. Write a paragraph explaining how to plot points in a rectangular 
coordinate system. 
30. Decide on two quantities that may be related, and collect at least ten 


pairs of values. Here are some examples: height and weight, time study- 
ing for a test and the test grade, age of a car and its cost. Draw a scatter dia- 
gram for the data. Is there any trend? That is, as the values on the horizontal 
axis increase, do the values on the vertical axis increase or decrease? 


31. Y There is a coordinate system on Earth that consists of longitude and lati- 
tude. Write a report on how location is determined on the surface of 
Earth. 








SE Pe Tl ON 3.2 
Graphs of Straight Lines 
aon a 
BH Determine solutions of linear equations in ( 
two variables 


An equation of the form y = mx + b, where m is the coefficient of x and b is a con- 
stant, is a linear equation in two variables. Examples of linear equations follow. 


LOOK CLOSELY 


An ordered pair is of the form 
(x, y). For the ordered pair 

(1, —2), Tis the x value and 
—2 Is the y value. Substitute 
1 for xand —2 for y. 
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y=3x+4 (|= 3,70 = 4) 
y= 2x —3 (m = 2,b = —3) 
2 2 
y= get We el 
y= —2x (m= —2, b = 0) 
y=x+2 (m = 1,b =2) 


In a linear equation, the exponent of each variable is 1. The equations y = 2x* — 1 


1 ‘ : 
and y = © are not linear equations. 


A solution of a linear equation in two variables is an ordered pair of numbers 
(x, y) that makes the equation a true statement. 


® Is (1, —2) asolution of y = 3x — 5? Y= 3h) 
Replace x with 1. Replace y with —2. aeolian 
=) 
Compare the results. If the results are Pee 


equal, the given ordered pair is a solu- Yes, (1, —2) is a solution 
tion. If the results are not equal, the of the equation y = 3x — 5. 
given ordered pair is not a solution. a 


Besides the ordered pair (1, —2), there are many other ordered-pair solutions of 
the equation y = 3x — 5. For example, the method used above can be used to 


ehavaihaiio a) (ois), (2, 3 





, and (0, —5) are also solutions. 





Example 1 Is (—3, 2) a solution of y = 2x + 2? 
Solution y=2x +2 
2 | 2(—3) + 2 > Replace x with —3 and y with 2. 
Ort 2 
—4 
24-4 
No, (—3, 2) is not a solution of y = 2x + 2. 
Problem 1 Is (2, —4) a solution of y = —;x — 3? 
Solution See page S10. 


In general, a linear equation in two variables has an infinite number of ordered- 
pair solutions. By choosing any value for x and substituting that value into the 
linear equation, we can find a corresponding value of y. 


©) Find the ordered-pair solution of y = 2x — 5 that corresponds to x = 1. 


View 2 tO 
Substitute for x.—) y=2 51-5 
Solve for y. Uae) 

Yao. 


The ordered-pair solution is (1, —3). @ 
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2 
Example 2 Find the ordered-pair solution of y = 3° — 1 that corresponds 


tOX =. 
‘ 2 
Solution y= 3% —1 
y= (3) =i > Substitute 3 torx. 
y=2-1 > Solve for y. 
y= 1 > Whenx = 3,y = 1. 
The ordered-pair solution is (3, 1). 
Problem 2 Find the ordered-pair solution of y = — . x + 1 that corresponds 


tox = 4. 





Solution See page S10. 


eens 
Lt] 


Graph equations of the form (C4) 


LOOK CLOSELY 


If the three points you graph 
do not lie on a straight line, 
you have made an arithmetic 
error in calculating a point or 
you have plotted a point 
incorrectly. 


y=mx+b 


The graph of an equation in two variables is a drawing of the ordered-pair solu- 
tions of the equation. For a linear equation in two variables, the graph is a straight 
line. 


To graph a linear equation, find ordered-pair solutions of the equation. Do this by 
choosing any value of x and finding the corresponding value of y. Repeat this pro- 
cedure, choosing different values for x, until you have found the number of solu- 
tions desired. 


Because the graph of a linear equation in two variables is a straight line, and a 
straight line is determined by two points, it is necessary to find only two solutions. 
However, finding at least three points will ensure accuracy. 


= Graph y = 2x + 1. 










Choose any values of x, and then find the cor- 
responding values of y. The numbers 0, 2, and 2 
—1 were chosen arbitrarily for x. It is conve- =k 
nient to record these solutions in a table. 


2(0) + 1 
2(2) + 1 
2(-1) +1 





Graph the ordered-pair solutions (0,1), (2,5), 
and (—1, —1). Draw a line through the ordered- 
pair solutions. 





Section 5.2 / Graphs of Straight Lines 219 


Note that the points whose coordinates are 
(—2, —3) and (1,3) are on the graph and that these 
ordered pairs are solutions of the equation 
Yann as 1 


Remember that a graph is a drawing of the 
ordered-pair solutions of the equation. Therefore, 
every point on the graph is a solution of the equa- 
tion, and every solution of the equation is a point 
on the graph. 





Example 3 Graph: y = 3x — 2 


Solution 





Problem 3 Graph: y = 3x + 1 





Solution See page S10. 









7] Graphing utilities create graphs by plotting points and then connect- 
ses ing the points to form a curve. Using a graphing utility, enter the 
ia! equation y = 3x — 2 and verify the graph drawn in Example 3. 
(Refer to the Appendix for instructions on using a graphing calculator to 
graph a linear equation.) Trace along the graph and verify that (0, —2), 
(2,4), and (—1, —5) are coordinates of points on the graph. Now enter the 
equation y = 3x + 1 given in Problem 3. Verify that the ordered pairs you 


found for this equation are the coordinates of points on the graph. 
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When 7m is a fraction in the equation y = mx + b, choose values of x that will 
1 ; 

simplify the evaluation. For example, to graph y = , x — 1, we might choose 

the numbers 0, 3, and —3 for x. Note that these numbers are multiples of the 


denominator of y the coefficient of x. 


Example 4 


Solution 





Problem 4 Graph: y = ax = 


Solution See page S10. 


7| Using a graphing utility, enter the equation y = se — land verify the 
= graph drawn in Example 4. Trace along the graph and verify that 


(0, —1), (2, 0), (—2, —2) are the coordinates of points on the graph. Fol- | 
low the same procedure for Problem 4. (See the Appendix for instructions on | 
entering a fractional coefficient of x.) 





——, 
Lt 


Graph equations of the form (C3) 
Axi i BV 


An equation in the form Ax + By = C, where A and B are coefficients and C is a 
constant, is also a linear equation. Examples of these equations are shown below. 


2x + 3y = 6 (A = 2,B=3,C = 6) 
Xie A ae a) 
2x +y=0 (A =2,B=1,C=0) 
4x — 5y = 2 (A = 4,B = —5,C = 2) 
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One method of graphing an equation of the form Ax + By = C involves first solv- 
ing the equation for y and then following the same procedure used for graphing 
an equation of the form y = mx + b. To solve the equation for y means to rewrite 
the equation so that y is alone on one side of the equation and the term containing 
x and the constant are on the other side of the equation. The Addition and Mullti- 
plication Properties of Equations are used to rewrite an equation of the form 
avat By =C inthe form y = mx + 0: 


® Solve the equation 3x + 2y = 4 for y. 
The equation is in the form Ax + By = C. 3x + 2y=4 


Use the Addition Property of Equations to SX eae = On oe 
subtract the term 3x from each side of the 
equation. 


Simplify. Note that on the right side of the 2y = —3x + 4 
equation, the term containing x is first, 
followed by the constant. 


Use the Multiplication Property of Equa- : eA 5 (3x + 4) 
tions to multiply each side of the equation 
by the reciprocal of the coefficient of y. 
(The coefficient of y is 2; the reciprocal of 





2is>.) 

Simplify. Use the Distributive Property on y= ; Gaui : (4) 

the right side of the equation. 

The equation is now in the form = ; rise. 

y = mx + b, with m = —; and b = 2. a 
In solving the equation 3x + 2y = 4 for y, 2y'= 3x 4 
where we multiplied both sides of the equa- yee 
tion by 5 we could have divided both sides a ie ‘ 
of the equation by 2, as shown at the right. In Y= oe 3 
simplifying the right side after dividing both =e 3 ee 


sides by 2, be sure to divide each term by 2. 


Being able to solve an equation of the form Ax + By = C for y is 
important because most graphing utilities require that an equation be 


in the form y = mx + b when the equation of the line is entered for 
graphing. 
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Example 5 Write 3x — 4y = 12 in the form y = mx + Db. 


Solution Die Apes 12 
3x — 3x — 4y = —3x +12 >» Subtract 3x from each side of the 
equation. 
—4y = —3x + 12 > Simplify. 
—4y  -—3x +12 > Divide each side of the equation 


—4 -4 by —4 
3x 12 
eae 
3 
Ye ee 


Problem 5 Write 5x — 2y = 10 in the form y = mx + Db. 





Solution See page S10. 


To graph an equation of the form Ax + By = C, we can first solve the equation for 
y and then follow the same procedure used for graphing an equation of the form 
y = mx + b. An example follows. 


™® Graph: 3x + 4y = 12 


Write the equation in the form y = mx + b. Bx 4y = 12 
Ay = — 3X ote 12 
\ y= -; XE S 
Find at least three solutions. i 
Display the ordered pairs in a table. 0/3 
4/0 
-416 


Graph the ordered pairs on a rectangular coordi- 
nate system, and draw a straight line through the 
points. 





LOOK CLOSELY 


To find the x-intercept, let 
y = 0. To find the 
y-intercept, let x = 0. 
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Example 6 Graph. A. 2x—5y=10 B.x+2y=6 


Solution A. 2x — 5y = 10 B. x+2y=6 
Oy =x et 10) DY 6 
2 1 
y=5x-2 Y pei tars 
‘gl et) 
One, 
Fo. le 
4/1 








Problem 6 Graph. 
Solution See page S11. 


The graph of the equation 2x + 3y = 6 is shown at the 
right. The graph crosses the x-axis at (3, 0). This point 
is called the x-intercept. The graph also crosses the 
y-axis at (0, 2). This point is called the y-intercept. 





™Find the x-intercept and the y-intercept of the graph of the equation 
2x + 3y = 6 algebraically. 


To find the x-intercept, let y = 0. 25 eteoy =O 
(Any point on the x-axis has y-coordinate 0.) 2x + 3(0) = 6 
2a 

Loa 


The x-intercept is (3, 0). 


To find the y-intercept, let x = 0. CG Eeoy e=10 
(Any point on the y-axis has x-coordinate 0.) 2(0) Foro 06 
310 

y=2 


The y-intercept is (0,2). @ 


Another method of graphing some equations of the form Ax + By = C is to find 
the x- and y-intercepts, plot both intercepts, and then draw a line through the two 
points. 
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Example 7 Find the x- and y-intercepts for x — 2y = 4. Graph the line. 
Solution x-intercept: x — 2y=4 
x — 2(0) =4 > To find the x-intercept, let y = 0. 
Cs 
The x-intercept is (4, 0). 
y-intercept: x — 2y = 4 
O=2y=—4 > To find the y-intercept, let x = 0. 
=2y = 4 
ee 


The y-intercept is (0, —2). 


> Graph the ordered pairs (4, 0) and 
(0, —2). Draw a straight line through 
the points. 





Problem 7 Find the x- and y-intercepts for 4x — y = 4. Graph the line. 
Solution See page S11. 


The graph of an equation in which one of the variables is missing is either a hori- 
zontal line or a vertical line. 


y 


The equation y = 2 could be written 0 - x + y = 2.No 
matter what value of x is chosen, y is always 2. Some 
solutions to the equation are (3, 2), (—1, 2) (0, 2), and 
(—4, 2). The graph is shown at the right. 


The graph of y = b is a horizontal line passing 
through the point whose coordinates are (0, b). 


Note that (0, b) is the y-intercept of the graph of y = b. 
An equation of the form y= b does not have an 
x-intercept. 


The equation x = —2 could be written x + 0+ y = —2. 
No matter what value of y is chosen, x is always —2. 
Some solutions to the equation are (—2, 3), (—2, —2), 
(—2, 0), and (—2, 2). The graph is shown at the right. 


The graph of x = a is a vertical line passing through 
the point whose coordinates are (a, 0). 


Note that (a, 0) is the x-intercept of the graph of x = a. 
An equation of the form x =a does not have a 
y-intercept. 
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Example 8 Graphh A. y=-2 B.x=3 
Solution A. The graph of an equation B. The graph of an equation 


of the form y = Db is of the form x = a is a verti- 
a horizontal line with cal line with x-intercept 
y-intercept (0, b). (a, 0): 





Problem8 Graphh A. y=3 B.x=~-4 
Solution See page S11. 


CONCEPT REVIEW 5.2 


Determine whether the statement is always true, sometimes true, or never true. 
1. The equation y = 3x* — 6 is an example of a linear equation in two variables. 
2. The value of m in the equation y = 4x + 9 is 9. 
3. (3,5) is a solution of the equation y = x + 2. 
4. The graph of a linear equation in two variables is a straight line. 
5. To find the x-intercept of the graph of a linear equation, let x = 0. 
6. The graph of an equation of the form y = D is a horizontal line. 
7. The graph of the equation x = —4 has an x-intercept of (0, —4). 


8. The graph shown at the right has a y-intercept of (0, 3). 





9. The graph of the equation x = 2 is a line that goes through every point that 
has an x-coordinate of 2. 





EXERCISES 5.2 


8 For the given linear equation, find the value of m and the value of b. 
Li ae Comat ON a8 2 
Cy UP cham 9 


SU ha 


alo 
Dlr 
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5. Is (3,4) a solution of y = —x + 7? 6. Is (2, —3) asolution of y = x + 5? 
7. Is (—1, 2) a solution of y = xX = 8. Is (1, —3) a solution of y = —2x — 1? 
9. Is (4,1) asolution of y = zx +1? 10. Is (—5, 3) a solution of y = — =x pani 
11. Is (0, 4) a solution of y = ox + 4? 12. Is(—2,0) a solution of y = — sx Ay. 
13. Is (0,0) a solution of y = 3x + 2? 14. Is (0,0) a solution of y = — =x? 
15. Find the ordered-pair solution of y = 3x — 2 that corresponds to x = 3. 
16. Find the ordered-pair solution of y = 4x + 1 that corresponds to x = —1. 
17. Find the ordered-pair solution of y = =x — 1 that corresponds to x = 6. 
18. Find the ordered-pair solution of y = =x — 2 that corresponds to x = 4. 
19. Find the ordered-pair solution of y = —3x + 1 that corresponds to x = 0. 
20. Find the ordered-pair solution of y = =x — 5 that corresponds to x = 0. 
21. Find the ordered-pair solution of y = =x + 2 that corresponds to x = —5. 
22. Find the ordered-pair solution of y = — ax — 2 that corresponds to x = 12. 
Graph. 
23. y=2x-3 24. y=-2x +2 25. y=5x 
265° FOX Df. y=sx-1 28. y=ix+2 
29. y=—5xt2 30. y=-ax+1 31. y= - 2x41 
5 


aa 33. y=2x—4 34. y=3x-4 
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2 
85. WSS 567) ay BT Ye er th 


38. (y= ox = 4 39. y= —3x 42 40. y= -x+3 


Graph using a graphing utility. 





41. y=3x-4 425 y= 23 43. y=2x—3 a4 = 2h 
1 

45. y= —5x 46. y=5x 47, y==r 42 48, y=—zx+2 
1 2 

49. y=-3x-3 50. y=-ext2 51. Ye ea 52. Vir tae 


Solve for y. Write the equation in the form y = mx + D. 


53.-e0x + = 10 Bas DRY =O 55. 4x -—y=3 56. Ove y= 
Sie re a BB. 2y Ol 59.2% soy = 10 60; ov = 2 — 


612 /y — 14 620.612 oY = 10 63r Wade oi 6 64. x —4y=12 
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Graph. 

65. 3xt+y=3 66. 
69. x-2y=4 70. 
73. =A 74. 


Find the x- and y-intercepts. 


PTs Xam feed 3 78. 
81. x — 5y=10 82. 
85. 2x — 3y =0 86. 


2x +y=4 67. 
x — 3y=6 71. 
Yaad 75. 
3x + 4y = 12 Yee 
Sei 2y = 12 83. 
3x + 4y = 0 87. 


Graph by using x- and y-intercepts. 


89. 5x + 2y = 10 


o2. 2%) — Sy. =—6 


95. 2x + 5y = 10 


90. x — 3y=6 


93. 2x + 3y=6 


96. 3x + 4y =12 


2x + 3y = 6 
20 OY =O 
eee 
i= 206 
Y= Si talZ 
1 
Vrae 8 


68. 3x + 2y=4 
72. 34 Ly = 
76. 3x = 3 
80. <y = 2x 4-510 
84.- y= 5x + 10 
a2 
88. y = 5x 4 
3x — 4y = 12 
x+ 2y=4 


x— 3y=6 
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98. 3x —y=6 99. x—4y=8 100. 4x + 3y =12 


101. 2x+y=3 102. 34 Y.=——5 103. 4% — 3y =6 







a Graph using a graphing utility. Verify that the graph has the correct x- and 


= y-intercepts. 


104. x —2y=-4 105. 3x + 4y ="—12 106. 2x — 3y = -6 


107. (2x —y =4 108. 3x — 4y=4 10955 23 —3y =9 


APPLYING CONCEPTS 5.2 


110. a. Show that the equation y + 3 = 2(x + 4) is a linear equation by writing 
it in theiform y = mx +b: 


b. Find the ordered-pair solution that corresponds to x = —4. 


111. a. Show that the equation y + 4 = =; (x + 2) is a linear equation by writ- 


ing it in the form y = mx + b. 


b. Find the ordered-pair solution that corresponds to x = —2. 


112. For the linear equation y = 2x — 3, what is the increase in y that results 
when x is increased by 1? 


113. For the linear equation y = —x — 4, what is the decrease in y that results 
when x is increased by 1? 


114. Write the equation of a line that has (0, 0) as both the x-intercept and the 
y-intercept. 


115. Explain a. why the y-coordinate of any point on the x-axis is 0 and 
b. why the x-coordinate of any point on the y-axis is 0. 
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SE GI 1 ON. 











Slopes of Straight Lines 


Co be 
Find the slope of a straight line ae 
The graphs of y = 2s +1 and y = 2x +1 are shown at the left. Each graph 


crosses the y-axis at ((), 1), but the graphs have different slants. The slope of a line 
is a measure of the slant of the line. The symbol for slope is m. 


The slope of a line is the ratio of the change in the y-coordinates between any 
two points on the line to the change in the x-coordinates. 


The line containing the points whose coordinates are 
(—2, —3) and (6, 1) is graphed at the right. The change 
in y is the difference between the two y-coordinates. 


Change in y = 1 — (-3) = 4 


The change in x is the difference between the two 
x-coordinates. 


Change in x = 6 — (—2) = 8 





For the line containing the points whose coordinates are (—2, —3) and (6, 1), 


S] ro ee changeiny 4 4] 
Ope NT ~ change aoa oy 2 
The slope of the line can also be described as the ratio of the vertical change 
(4 units) to the horizontal change (8 units) from the point whose coordinates are 
(—2, —3) to the point whose coordinates are (6, 1). 


Slope Formula 





The slope of a line containing two points P,; and P,, whose coordinates are 
(x1, y,) and (x2, yz), is given by 


¥, 4 
Xo Te ee 





Slope = m = X, FX, 


In the slope formula, the points P; and P, are any two points on the line. The slope 
of a line is constant; therefore, the slope calculated using any two points on the 
line will be the same. 


LOOK CLOSELY 


Positive slope means that the 
value of yincreases as the 
value of x increases. 


LOOK CLOSELY 


Negative slope means that 
the value of y decreases as 
the value of x increases. 
Compare this to positive 
slope. 
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® Find the slope of the line containing the points whose coordinates are (—1, 1) 
and (2, 3). 


Let P,=(—1L,1) and. P,=(,3). Then x, = —1, 
Yue— 1, to 2, 0nd yy — 3. 


Wie 3u=A a a 
It does not matter which point is named P, and which 


P,; the slope of the line will be the same. If the points 
are reversed, then P, = (2,3) and P, = (—1,1). 





Positive slope 


This is the same result. Here the slope is a positive 
number. A line that slants upward to the right has a 
positive slope. 


©) Find the slope of the line containing the points whose coordinates are (—3, 4) 
and (2, —2). 


Let P, = (—3, 4) and P, = (2, —2). 


Here the slope is a negative number. A line that slants 
downward to the right has a negative slope. 





Negative slope 


© Find the slope of the line containing the points whose coordinates are (13) 
and (4, 3). 


Let P, = (—1,3) and P, = (4, 3). 


When y,; = ¥,, the graph is a horizontal line. 


A horizontal line has zero slope. 





Zero slope 


®™ Find the slope of the line containing the points whose coordinates are (2, —2) 
and (2, 4). 


Let P, = (2, —2) and P, = (2,4). 


<— Notareal number “® 


Yn, 
When x, = %, the denominator of as * is 0 and the 
1 





2 


graph is a vertical line. Because division by zero is not 
defined, the slope of the line is not defined. 





Undefined slope 


The slope of a vertical line is undefined. 
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Remember that zero slope and undefined slope are different. The graph of a line 
with zero slope is horizontal. The graph of a line with undefined slope is vertical. 


Example 1 Find the slope of the line containing the points P, and P). 
A. Pi(=2,=1))'P,6,4) > B: P(—3, 1), P22, =2) 
C. PST 4); P(-1, 0) D. Piet 2), P,(4, 2) 


Solution Al m=2—4 = = 21 


The slope is — =. 


erent ae ae eee 
Ct a =e Ga ann 


The slope is undefined. 


The slope is 0. 


Problem 1_ Find the slope of the line containing the points P, and P). 
A. Pew 2), P,(1, 3) B. Pa 2), P(4, =5) 
G. EZ, 3), P32, 7) 1D: Pid, =3), Ps, =) 


Solution See page S11. 





There are many applications of the concept of slope. Here are two possibilities. 


In 1988, when Florence Griffith-Joyner set the Jo 
world record for the 100-meter dash, her 
average rate of speed was approximately 
9.5 m/s. The graph at the right shows the dis- 
tance she ran during her record-setting run. 
From the graph, note that after 4s she had 
traveled 38 m and that after 6 s she had trav- 
eled 57 m. The slope of the line between these 
two points is 


Meters 





0 2 4 6 8 10 
iMamaS 19 Seconds 


Note that the slope of the line is the same as the rate she was running, 9.5 m/s. The 
average speed of an object is related to slope. 
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Here is an example taken from education. » y 

According to the U.S. Department of Educa- | oo ae 

tion, from 1987 to 1997, the per-pupil spend- Conn eee ae 
ing on public education increased at a rate of 6000 a eee _ 









approximately $259.40 per year. The graph at 4000 | T1087 3070) ca 
the right shows the per-pupil spending from 2000 |i 
1987 to 1997. From the graph, we learn that in aoe MeRIa ams 
1987 the per-pupil spending was $3970 and Year 

that in 1997 the per-pupil spending was 

$6564. The slope of the line between these two 


points is 


Per-pupil spend 
(in dollars) 


BietO97, = 91987 mo sd0 


Observe that the slope of the line is the same 
as the rate at which per-pupil spending was 
increasing, $259.40 per year. 


In general, any quantity that is expressed by using the word per is represented 
mathematically as slope. In the first example above, slope was 9.5 meters per sec- 
ond; in the second example, slope was $259.40 per year. 


N 
oO 


Example 2 g The graph at the right 
shows the number of 
banks in the United States 
from 1990 to 1997. Numbers 
have been rounded to the 
nearest hundred. Find the 
slope of the line. Write a 
sentence that states the 
meaning of the slope. 









RP Re 
nN Oo 


 |-(1997, 11,000) 


Number of banks 
(in thousands) 
L 





i i ie 
'90 '92 '94 '96 '98 
Year 


. 00015200 a 
Solution, = ~jo97, 24000) 7 600 


The slope —600 means that from 1990 to 1997, the number of 
banks in the United States was decreasing at a rate of 600 per year. 


Problem 2 The graph at the right 
shows the approximate 
decline in the value of a 
used car over a five-year 
period. Find the slope of 
the line. Write a sentence 
that states the meaning of 
the slope. 







8000 Peeters OTS se 

ps nn (4, 6100): 
6000 fevered dient eerneeae 
4000 f= 


2000 


Value of car (in dollars) 


Years old 


Solution See page S11. 


234 = Chapter 5 / Linear Equations and Inequalities 


EEE [a] 
Graph a line using the slope and y-intercept ¢@) oo 
Recall that we can find the y-intercept of a linear equation by letting x = 0. 


To find the y-intercept of y = 3x + 4, letx = 0. y= 3x +4 
y = 3(0) + 4 


y= 4 
The y-intercept is (0, 4). 
The constant term of y = 3x + 4 is the y-coordinate of the y-intercept. 


In general, for any equation of the form y = mx + b, the y-intercept is (0, 0). 


Ds 
The graph of the equation y =; x + 1 is shown at 


the right. The points whose coordinates are (—3, —1) 
and (3, 3) are on the graph. The slope of the line is 


Note that the slope of the line has the same value as 
the coefficient of x. 





Slope-Intercept Form of a Straight Line 





For any equation of the form y = mx + b, the slope of the line is 7, the coef- 
ficient of x. The y-intercept is (0, 0). The equation 


y=mx+t+b 


is called the slope-intercept form of a straight line. 


The slope of the graph of y = — Voaiss :. The y-intercept is (0, 1). 


Ys it 
y -; ied loo 
Sap ie cece is 


© Find the slope and y-intercept of the graph of y = aa = <6; 


I 


y-intercept = (0, b) = (0, 1) 


Slope = m = 2 b= -6 


aro 
The slope is > The y-intercept is (0, —6). 4e 


When the equation of a straight line is in the form y = mx + b, the graph can be 
drawn using the slope and y-intercept. First locate the y-intercept. Use the slope to 
find a second point on the line. Then draw a line through the two points. 
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™ Graph y = 2x — 3 by using the slope and 
y-intercept. 


y-intercept = (0, b) = (0, —3) 


2 _ change in y 
1 


Uae change in x 


Beginning at the y-intercept, move right 
1 unit (change in x) and then up 2 units 
(change in y). 


(1, —1) are the coordinates of a second point 
on the graph. 





Draw a line through (0, —3) and (1, —1). 





Using a graphing utility, enter the equation y = 2x — 3 and verify the 
S| graph shown above. Trace along the graph and verify that (0, —3) is 
the y-intercept and that the point whose coordinates are (1, —1) is on 
the graph. 









Example 3 Graphy = — : x + 1 by using the slope and y-intercept. 


Solution y-intercept = (0, b) = (0, 1) 


=2 ; 
> A slope of 3 means to move right 


3 units and then down 2 units. 





Problem 3 Graphy = — : x — 1 by using the slope and y-intercept. 





Solution See page S11. 
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Example 4 Graph 2x — 3y = 6 by using the slope and y-intercept. 


Solution 2x — 3y =6 
—3y = —2x + 6 > Solve the equation for y. 


i= ae ee 
y-intercept = (0, —2) 
ne 





Problem 4 Graph x — 2y = 4 by using the slope and y-intercept. 





Solution See page S11. 


Sea 

Determine whether the statement is always true, sometimes true, or never true. 
1. Inthe equation y = mx + b, m is the symbol for slope. 
2. The formula for slope is m = ore 
3. Avvertical line has zero slope, and the slope of a horizontal line is undefined. 


4. Any two points on a line can be used to find the slope of the line. 


5. Shown at the right is the graph of a line with negative slope. 





6. The y-intercept of the graph of the equation y = —2x + 5 is (5, 0). 


EXERCISES 5.3 


Ee i. Explain how to find the slope of a line when you know two points on the 
line. 


2: Y What is the difference between a line that has zero slope and a line 
whose slope is undefined? 


Find the slope of the line containing the points P, and P,. 


3. 


6. 


: 


2; 


15. 


18. 


a 


24. 


Zi 


28. 


29. 


30. 


P,(4, 2), P,(3, 4) 
Pio) P22) 
P= 273) Ql) 
P(073), Pas 2) 
Fila) lo, 2) 
PG, 0); bo 2p 1) 
PiG2,4),P3(—-1,—1) 


PO) oh 52) 


¢ y Business The graph at the right shows the sales of sunglasses 
during the years 1991 through 1997. Find the slope of the line. 


4. P,(2, 1), P,(3, 4) 

Fans PAQPA WE, (4, —1) 
10h ae 2) Psy) 
13. P,(3, —4), P,(3, 5) 
16) P51) (2,1) 
19.. <P;(—2,3),,.P,(1, 3) 
22 EPG Aer a2) 


25. PCy 5) P4(5, 1) 


Write a sentence that explains the meaning of the slope. 


¢ Business The graph at the right shows the number of Starbucks 
a stores each year from 1993 to 1998. Numbers have been rounded to 
the nearest ten. (The 1998 figure is through March of that year.) Find the 
slope of the line. Write a sentence that explains the meaning of the slope. 


¢ Demographics The graph at the right shows the population of 
London, England, in 1995 and the projected population of that 
city in the year 2000. Find the slope of the line. Write a sentence that 


explains the meaning of the slope. 


Aviation The graph at the right shows the height of a plane above an 
airport during its 30-minute descent from cruising altitude to landing. 
Find the slope of the line. Write a sentence that explains the meaning of the 


slope. 


Section 5.3 / Slopes of Straight Lines 


5. P,(—1, 3), P,(2, 4) 
8. P,(1,3), P53) 
Alirdile, (G22) GAL) 
Tere UD) ee) 
17) FO 1) Pen 2) 
20M Arpt (aan) 
236 P= 3 Oa) 


26. P,(—1,5), P,(7, 1) 





Sales 
(in billions of dollars) 









9 SR 95.97 





Year 
é y. : 
8 1000 | ae : 
E om (1993, 270) 
Z '93 '94 '95 '96 '97 '98 





Year 


Population 
(in thousands) 





Year 


Ww 
oO 
te 


nN 
So 


Distance 
(in thousands of feet) 
S 





x 
10 20 30 
Time (in minutes) 
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31. y Why is an equation of the form y = mx + b said to be in slope-intercept 
form? 


32. Y Explain how to graph the equation y = =a + 4 by using the slope and the 
y-intercept. 


Graph by using the slope and y-intercept. 


33. (Y= 30 Gl 34 f= 2 a 35. y=ex-2 
36. y=ixt 3/0 o2tede Vin 384 ore aaa 
39. xk —2y = 4 AD 2 Sy 6 41. aes 

Se 43. y=—-x +1 44, y=-x-3 
45S 4 = 12 Ab. (Oe 2 2 =a 10) 7 5s AX oD. 
450 ey =n 2 49. 4x — 5y = 20 50) y= 10 


APPLYING CONCEPTS 5.3 


51. What effect does increasing the coefficient of x have on the graph of 
y= mx +b? 


52. What effect does decreasing the coefficient of x have on the graph of 
y= mx + b? 


53. What effect does increasing the constant term have on the graph of 
y = mx + b? 


54. What effect does decreasing the constant term have on the graph of 
y = mx + b? 
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55. Do the graphs of all straight lines have a y-intercept? If not, give an example 


of one that does not. 


56. If two lines have the same slope and the same y-intercept, must the graphs of 
the lines be the same? If not, give an example. 


57. ¥ What does the highway sign shown at the right have to do with slope? 





SoE CT 1.0N 5.4 


LOOK CLOSELY 


Every ordered pair is of 

the form (x, y). For the point 
(—2, 4), —2 is the x value and 
4is the y value. Substitute 
—2 for x and 4 for y. 


Equations of Straight Lines 


Find the equation of a line using the 
equation y = mx + b 








When the slope of a line and a point on the line are known, the equation of the line 
can be written using the slope-intercept form, y = mx + b. In the first example 
shown below, the known point is the y-intercept. In the second example, the 


known point is a point other than the y-intercept. 


=) Find the equation of the line that has slope 3 and y-intercept (0, 2). 


The given slope, 3, is m. 


Replace m with 3. 


The given point, (0, 2), is the y-intercept. Replace b with 2. 


y=mx +b 
Y = 3x 4120 
Oa 


The equation of the line that has slope 3 and y-intercept 2isy=3x+2. @ 


; 1 : : 
® Find the equation of the line that has slope 5 and contains the point whose coor- 


dinates are (—2, 4). 


: a 
The given slope, 5 , is m. 


neat L 
Replace m with 5. 


The given point, (—2, 4), is a solution of the equation of 
the line. Replace x and y in the equation with the coordi- 
nates of the point. 


Solve for b, the y-intercept. 


Write the equation of the line by replacing m and b in the 
equation by their values. 


y=mx +b 
y=5xt+b 

1 
A ae a 
A= = 472 
5 = 0 
y= mx + b 
y=5xt5 


1 : ‘ : 
The equation of the line that has slope ; and contains the point whose coordi- 


: fl 
nates are(—2, 4) isy = 5 Eee. 


& 
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Example 1 Find the equation of the line that contains the point whose coor- 


2 
dinates are (3, —3) and has slope 3 


Solution y=mx +b 
y= =m +h > Replace m with the given slope. 
—3= (3) +b » Replace x and y in the equation with the coordi- 


nates of the given point. 
—-3=2+b > Solve for b. 


-5=b 


Ui ay =) > Write the equation of the line by replacing m and b 
in y = mx + b by their values. 


Problem 1 Find the equation of the line that contains the point whose coor- 


dinates are (4, —2) and has slope = 


Solution See page S11. 
ae [a] 
Find the equation of a line using the (4) 
point-slope formula 
An alternative method for finding the equation of a line, given the slope and the 


coordinates of a point on the line, involves use of the point-slope formula. The 
point-slope formula is derived from the formula for slope. 


Let (x1, y,) be the coordinates of the given point on the line, and let (x, y) be the 
coordinates of any other point on the line. 





Use the formula for slope. 


Vey 
oa 





Multiply both sides of the equation by (x — %). C=) =e) 
Simplify. Y= yy Hm = 


Point-Slope Formula 





The equation of the line that has slope m and contains the point whose coor- 
dinates are (x,, y,) can be found by the point-slope formula: 


Y- ys me x) 


Example 2 Use the point-slope formula to find the equation of a line that 
passes through the point whose coordinates are (—2, —1) and 


has slope > 


Solution 


Problem 2 





Solution 





CONCEPT REVIEW 5.4 
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(x1, yy) = (—2, -1) > Let (x1, y;) be the given point. 
3 ; : 
Mes > m is the given slope. 
YY = 1X x) > This is the point-slope formula. 
3 
VERA 51x —(=2)) » Substitute =2 for x, —1 for 7, and : 
, for m. 
jori= 5 (eF?2) > Rewrite the equation in the form 
y = mx +b: 
Yy +1= a* ain 
Vea =x ie 


Use the point-slope formula to find the equation of a line that 
passes through the point whose coordinates are (5,4) and has 


loge 
slope =. 


See page S11. 


Determine whether the statement is always true, sometimes true, or never true. 


The graph of the equation y = 5x + 7 has slope 5 and y-intercept (0, 7). 


If the equation of a line has y-intercept (0, 4), then 4 can be substituted for b 


Suppose the equation of a line contains the point (—3, 1). Then when y is —3, 


The point-slope formula can be used to find the equation of a line with zero 


1. 
a 
in the equation y = mx + b. 
3: 
ais al: 
4. The point-slope formula is y — y,; = mx — X,. 
5. 
slope. 
6. 


If it is stated that the y-intercept is 2, then the y-intercept is the point (2, 0). 





EXERCISES 5.4 


BY Use the slope-intercept form. 


L 


Find the equation of the line that contains the point whose coordinates are 
(0, 2) and has slope 2. 


Find the equation of the line that contains the point whose coordinates are 
(0, —1) and has slope —2. 
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10. 


11. 


12. 


13. 


14. 


15. 


16. 
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Find the equation of the line that contains the point whose coordinates are 
(—1, 2) and has slope —3. 


Find the equation of the line that contains the point whose coordinates are 
(2, —3) and has slope 3. 


Find the equation of the line that contains the point whose coordinates are 


(3, 1) and has slope = 


Find the equation of the line that contains the point whose coordinates are 


(—2,3) and has slope : 


Find the equation of the line that contains the point whose coordinates are 


(4, —2) and has slope :. 


Find the equation of the line that contains the point whose coordinates are 


(2,3) and has slope — 


Find the equation of the line that contains the point whose coordinates are 


(5, —3) and has slope —2. 


Find the equation of the line that contains the point whose coordinates are 


(5, —1) and has slope a 


Find the equation of the line that contains the point whose coordinates are 


(2,3) and has slope 7 


Find the equation of the line that contains the point whose coordinates are 


(—1, 2) and has slope — 5. 


Find the equation of the line that contains the point whose coordinates are 


(—3, —5) and has slope —=. 


Find the equation of the line that contains the point whose coordinates are 


(—4, 0) and has slope 2 
¥ When is the point-slope formula used? 


¥ Explain the meaning of each variable in the point-slope formula. 


Use the point-slope formula. 


W 


Find the equation of the line that passes through the point whose coordinates 
are (1, —1) and has slope 2. 


18. 


9: 


20. 


Zi; 


22. 


23. 


24. 


25. 


26. 


zie 


28. 


Zoe 


30. 


Section 5.4 / Equations of Straight Lines 


Find the equation of the line that passes through the point whose coordinates 
are (2, 3) and has slope —1. 


Find the equation of the line that passes through the point whose coordinates 
are (—2, 1) and has slope —2. 


Find the equation of the line that passes through the point whose coordinates 
are (—1, —3) and has slope —3. 


Find the equation of the line that passes through the point whose coordinates 


are (0, 0) and has slope = 


Find the equation of the line that passes through the point whose coordinates 


are (0, 0) and has slope -z. 


Find the equation of the line that passes through the point whose coordinates 


are (2,3) and has slope . 


Find the equation of the line that passes through the point whose coordinates 


are (3, —1) and has slope zs 


Find the equation of the line that passes through the point whose coordinates 


are (—4, 1) and has slope -=. 


Find the equation of the line that passes through the point whose coordinates 


are (—5, 0) and has slope — e 


Find the equation of the line that passes through the point whose coordinates 


are (—2, 1) and has slope :. 


Find the equation of the line that passes through the point whose coordinates 


i 
are (3, —2) and has slope Bs 


Find the equation of the line that passes through the point whose coordinates 


are (—3, —5) and has slope -;. 


Find the equation of the line that passes through the point whose coordinates 


are (3, —1) and has slope = 
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APPLYING CONCEPTS 5.4 


Is there a linear equation that contains all the given ordered pairs? If there is, find 
the equation. 


31. (5,1), (4, 2), (0, 6) 32. (=25=4).(0/ =3) 2-1) 


Beet =5 i 2e4)2 (0,2) B43¢ (3h Ul aR ene) 


The given ordered pairs are solutions to the same linear equation. Find n. 
35. * (0,11)/44; 9)/ (3; 2) 36. (2,2), (—-L 3, ® 


3%. W222 4); (40) 38. (1, —2), (—2, 4), (4,n) 


The relationship between Celsius and Fahrenheit temperature can be given by a 
linear equation. Water freezes at 0°C or at 32°F. Water boils at 100°C or at 212°F. 


39. Write a linear equation expressing Fahrenheit temperature in terms of 
Celsius temperature. 


40. Graph the equation found in Exercise 39. 


o = - (x — x,), where x, # xX, is called the two-point 
2 1 





The formula y — y, = 


formula for a straight line. This formula can be used to find the equation of a line 
given two points. Use this formula for Exercises 41 and 42. 


41. Find the equation of the line that passes through (—2, 3) and (4, —1). 
42. Find the equation of the line that passes through the points (3, —1) and (4, —3). 


43. Explain why the condition x, # x, is placed on the two-point formula 
given above. 


44, Explain how the two-point formula given above can be derived from the 
point-slope formula. 





SE CT T’O N35 
Functions 


———— 
a 


B@ Introduction to functions CB) | 


The definition of set given in the chapter on “Real Numbers” was that a set is a 
collection of objects. Recall that the objects in a set are called the elements of the 
set. The elements in a set can be anything. 


Score 





- x 
1B2eS54R51 OMT, 


Hours 
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The set of planets in our solar system is 
{Mercury, Venus, Earth, Mars, Jupiter, Saturn, Uranus, Neptune, Pluto} 
The set of colors in a rainbow is 
{red, orange, yellow, green, blue, indigo, violet} 


The objects in a set can be ordered pairs. When the elements in a set are ordered 
pairs, the set is called a relation. A relation is any set of ordered pairs. 


The set {(1, 1), (2, 4), (3, 9), (4, 16), (5, 25)} is a relation. There are five elements in 
the set. The elements are the ordered pairs (1, 1), (2, 4), (3, 9), (4, 16), and (5, 25). 


The following table shows the number of hours that each of eight students spent 
in the math lab during the week of the math midterm exam and the score that each 
of these students received on the math midterm. 


Hours yD 3 4 4 5 6 6 7 
Seon N60 70 70 Bs Se Sb So) 


This information can be written as the relation 
{(2, 60), (3, 70), (4, 70), (4, 80), (5, 85), (6, 85), (6, 95), (7, 90)} 


where the first coordinate of each ordered pair is the hours spent in the math lab 
and the second coordinate is the score on the midterm exam. 


The domain of a relation is the set of first coordinates of the ordered pairs. The 
range is the set of second coordinates of the ordered pairs. For the relation above, 


Domain = {2, 3, 4,5, 6, 7} Range = {60, 70, 80, 85, 90, 95} 


The graph of a relation is the graph of the ordered pairs that belong to the rela- 
tion. The graph of the relation given above is shown at the left. The horizontal axis 
represents the domain (the hours spent in the math lab) and the vertical axis rep- 
resents the range (the exam score). 


A function is a special type of relation in which no two ordered pairs have the 
same first coordinate and different second coordinates. The relation above is not a 
function because the ordered pairs (4, 70) and (4, 80) have the same first coordi- 
nate and different second coordinates. The ordered pairs (6, 85) and (6, 95) also 
have the same first coordinate and different second coordinates. 


The table at the right describes a grading scale that Score | Letter’Grade 
defines a relationship between a test score and a let- 
ter grade. Some of the ordered pairs in this relation 
are (38, F), (73, C), and (94, A). 





This relation defines a function because no two ordered pairs can have the same 
first coordinate and different second coordinates. For instance, it is not possible to 
have an average of 73 paired with any grade other than C. Both (73, C) and (73, A) 
cannot be ordered pairs belonging to the function, or two students with the same 
score would receive different grades. Note that (81, B) and (88, B) are ordered pairs 
of this function. Ordered pairs of a function may have the same second coordinate 
paired with different first coordinates. 
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The domain of this function is {0, 1, 2, 3,..., 98, 99, 100}. 
The range of this function is {A, B, C, D, EF}. 


Example 1 Find the domain and range of the relation 
{(—5, 1), (—3, 3), (—1, 5)}. Is the relation a function? 


Solution The domain is {—5, —3, —1}. » The domain of the relation is the 
set of the first components of the 
ordered pairs. 

The range is {1,3, 5}. > The range of the relation is the set 
of the second components of the 
ordered pairs. 


No two ordered pairs have the same first coordinate. 
The relation is a function. 


Problem 1 Find the domain and range of the relation 
{(1, 0), (1, 1), (1, 2), (1, 3), (1, 4)}. Is the relation a function? 


Solution See page S12. 


Although a function can be described in terms of ordered pairs or in a table, func- 
tions are often described by an equation. The letter f is commonly used to repre- 
sent a function, but any letter can be used. 


The “square” function assigns to each real number its square. The square function 
is described by the equation 


f(x) = x? read f(x) as “f of x” or “the value of f at x.” 


f(x) is the symbol for the number that is paired with x. In terms of ordered pairs, 
this is written (x, f(x)). f(x) is the value of the function at x because it is the result 
of evaluating the variable expression. For example, f(4) means to replace x by 4 
and then simplify the resulting numerical expression. This process is called eval- 
uating the function. 


eke 
The notation f(4) is used to indicate the number that is paired f4=" 
with 4. To evaluate f(x) = x* at 4, replace x with 4 and simplify. f(4) = 16 


The square function squares a number, and when 4 is squared, the result is 16. For 
the square function, the number 4 is paired with 16. In other words, when x is 4, 
f(x) is 16. The ordered pair (4, 16) is an element of the function. 


It is important to remember that f(x) does not mean f times x. The letter f stands 
for the function, and f(x) is the number that is paired with x. 


Example 2 Evaluate f(x) = 2x — 4 at x = 3. Write an ordered pair that is an 
element of the function. 


Solution f(x) =2x —4 


f() = 2(3) — 4 > f (3) is the number that is paired with 3. Replace x 
f(S)=6-4 by 3 and evaluate. 


fBS2 


i The ordered pair (3, 2) is an element of the function. 
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Problem 2 Evaluate f(x) = —5x + 1 at x = 2. Write an ordered pair that is 
an element of the function. 


Solution See page S12. 


When a function is described by an equation and the domain is specified, the 
range of the function can be found by evaluating the function at each point of the 
domain. 


Example 3 Find the range of the function given by the equation 
f(x) = —3x + 2 if the domain is {—4, —2, 0, 2, 4}. Write five 
ordered pairs that belong to the function. 


Solution f(x) = —3x +2 
f(-4) = -3(-4) +2=124+2=14 > Replace x by each mem- 
f(—2), ==-3(—2) +2. =6+2:=8 ber of the domain. 
fO) =-30) +2=04+2=2 
Haas (2 wie ee 
f(4) = -3(4) +2 = -12 + 2 = -10 


The range is {—10, —4, 2, 8, 14}. 


The ordered pairs (—4, 14), (—2, 8), (0, 2), (2, —4), and (4, —10) 
belong to the function. 


Problem3 Find the range of the function given by the equation 
f(x) = 4x — 3 if the domain is {—5, —3, —1, 1}. Write four 
ordered pairs that belong to the function. 


Solution See page S12. 


oe 
Graphs of linear functions () 


The solutions of the equation 
YO 


are ordered pairs (x, y). For example, the ordered pairs (—1, —10), (0, —3), and 
(1, 4) are solutions of the equation. Therefore, this equation defines a relation. 


It is not possible to substitute one value of x into the equation y = 7x — 3 and get 
two different values of y. For example, the number 1 in the domain cannot be 
paired with any number other than 4 in the range. (Remember: A function cannot 
have ordered pairs in which the same first coordinate is paired with different sec- 
ond coordinates.) Therefore, the equation defines a function. 


The equation y = 7x — 3 is an equation of the form y = mx + b. In general, any 
equation of the form y = mx + bis a function. 


In the equation y = 7x — 3, the variable y is called the dependent variable 
because its value depends on the value of x. The variable x is called the indepen- 
dent variable. We choose a value for x and substitute that value into the equation 
to determine the value of y. We say that y is a function of x. 
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LOOK CLOSELY 


When yis a function of x, y 
and f(x) are interchangeable. 


When an equation defines y as a function of x, functional notation is frequently 
used to emphasize that the relation is a function. In this case, it is common to use 
the notation f(x). Therefore, we can write the equation 


Y= 8 
in functional notation as 
fe = 16 — 3 


The graph of a function is a graph of the ordered pairs (x, y) of the function. 
Because the graph of the equation y = mx + b is a straight line, a function of the 
form f(x) = mx + bis a linear function. 


™® Graph: f(x) = ax | 


Think of the function as the equation y = 2 =ait, 


This is the equation of a straight line. 
The y-intercept is (0, —1). The slope is a 


Graph the point (0,—-1). From the y-intercept, 
go right 3 units and then up 2 units. Graph the 
point (3, 1). 


Draw a line through the two points. 





l Example 4 Graph: f(x) = a +2 


Solution f(x) = a ne 


4 
3 : 
y=qgxt 2 > Think of the function as the equation 
3 
y= 4% se 


> The graph is a straight line with y- 
intercept (0, 2) and slope = 





Problem 4 Graph: f(x) = —5x — 3 





Solution See page S12. 


Cost (in dollars) 


3000 }: 
2000 } 


1000 } 


0 





Feet 


sR es ee 
5elOsis 20025 
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—~/] Graphing utilities are used to graph functions. Using a graphing util- 


4 ity, enter the equation y = ae + 2 and verify the graph drawn in 
Example 4. Trace along the graph and verify that (—4, —1), (0, 2), and (4, 5) 
are coordinates of points on the graph. Now enter the equation given in 
Problem 4 and verify the graph you drew. 


There are a variety of applications of linear functions. For example, suppose an 
installer of marble kitchen countertops charges $250 plus $180 per foot of coun- 
tertop. The equation that describes the total cost, C (in dollars), for having x ft of 
countertop installed is C = 180x + 250. In this situation, C is a function of x; the 
total cost depends on how many feet of countertop are installed. Therefore, we 
could rewrite the equation 


C == ibe =p YO) 
as the function 
f(x) = 180x + 250 


To graph this equation, we first choose a reasonable domain—for example, values 
of x between 0 and 25. It would not be reasonable to have x = 0, because no one 
would order the installation of 0 ft of countertop, and any amount less than 0 
would be a negative amount of countertop. The upper limit of 25 is chosen 
because most kitchens have less than 25 ft of countertop. 


Choosing x = 5, 10, and 20 results in the ordered pairs (5, 1150), (10, 2050), and 
(20, 3850). Graph these points and draw a line through them. The graph is shown 
at the left. 


The point whose coordinates are (8, 1690) is on the graph. This ordered pair can 
be interpreted to mean that 8 ft of countertop costs $1690 to install. 


Example 5 The value, V, of an investment of $2500 at an annual simple 
interest rate of 6% is given by the equation V = 150¢ + 2500, 
where f is the amount of time, in years, that the money is 
invested. 

A. Write the equation in functional notation. 
B. Graph the equation for values of t between 0 and 10. 
C. The point whose coordinates are (5, 3250) is on the graph. 
Write a sentence that explains the meaning of this ordered 
pair. 
Solution A. V=150t+ 2500 >» The value V of the investment depends 


on the amount of time f it is invested. 
f(t) = 150% + 2500 The value V is a function of the time t. 
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B. > Some ordered pairs of 
- the function are (2, 2800), 
f (4, 3100), and (6, 3400). 
= 
° 
a 
& 
°° 
a 
@ 
> 





0 2 4 6 8 10 
Time (in years) 


C. The ordered pair (5, 3250) means that in 5 years the value of 
the investment will be $3250. 





Problem 5 Acar is traveling at a uniform speed of 40 mph. The distance, d 
(in miles), the car travels in t hours is given by the equation 
d = 40t. 





A. Write the equation in func- & 400 ae 
tional notation. : aod 
B. Use the coordinate axes at the S 200 | 
right to graph this equation for = 100 | 
values of t between 0 and 5. 2 id 
A Reese aes 


oO 


C. The point whose coordinates 
are (3, 120) is on the graph. 
Write a sentence that explains 
the meaning of this ordered 


| pair. 
«= Solution See page S12. 


Time (in hours) 


| 


CONCEPT REVIEW 5.5 


Determine whether the statement is always true, sometimes true, or never true. 
1. The graph shown at the right is the graph of a function. 


2. For the relation graphed at the right, the domain is {—2, —1, 2, 3}. 


3. The graph of the function f(x) = — ; x + 5 has a positive slope. 





1 
4. The graphs of y = 7x — 6and f(x) = a — 6 are identical. 
5. ‘The valueot the runetion {(—3, 3), (—2; 2), (1,1), GO at 21s 


6. A function can be represented in a table, by an equation, by a graph, or ina 
chart. 
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7. The graph of a function of the form f(x) = mx + bis a straight line. 


8. The equation y = 7x — 1 defines a function. 


EXERCISES 5.5 


Ee 1. 


¥ How are relations and functions similar? How are they different? 


¥ What is the domain of a function? What is the range? 





P The Olympics The numbers of gold medals earned by several Country 
~ countries during the 1992 and 1996 Olympic summer games are Uiied States 
recorded in the table at the right. Write a relation wherein the first coor- Canada 
dinate is the number of gold medals earned in 1992 and the second China 
coordinate is the number earned in 1996. Is the relation a function? Italy 
France 
Germany 


P Health The life expectancy in five coun- Country 





- tries and the prevalence of smoking, as a iceland 31 
percent of the inhabitants, are recorded in the Japan 59 
table at the right. Write a relation in which the GostaRica 35 
first coordinate is the life expectancy and the sec- Teel 45 
ond coordinate is the prevalence of smoking, as Crreden 22 


a percent. Is the relation a function? 


¢ Housing The number of sunny days in 

a year in five different cities and the 
average cost of a four-bedroom house (in 
thousands of dollars) in those cities are given 
in the table at the right. Write a relation in 
which the first component is the number of 
sunny days annually and the second compo- 
nent is the cost of a four-bedroom house. Is 
the relation a function? 


Source: Money Magazine, July 1997. 


Movie 









é Business The budgets (in millions of dollars) for sev- 


eral movies and the gross ticket sales (in millions of Seven 93 
dollars) are recorded in the table at the right. Write a rela- Apollo 13 172 
tion in which the first component is the budget and the sec- Nixon 15 
ond component is the gross sales. Is the relation a function? Toy Story 200 


Batman Forever | 100 184 


Life Expectancy | Percent of Smokers 


Gross Sales 


251 


16 
tS 
15 
20 
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7 ¢ Physics The speeds of a car in miles per hour and the dis- Speed (in Distance Needed 
- tance, in feet, needed to stop at those speeds are recorded in miles per hour) | to Stop (in feet) 
the table at the right. (Source: AAA Foundation for Traffic Safety.) 55 273 
Write a relation in which the first coordinate is the speed in miles 65 355 
per hour and the second coordinate is the distance needed to stop. 75 447 
Is the relation a function? 85 549 


National 
League 


American 
League 





8. ¢ Sports The numbers of runs scored by the American League 
» and by the National League in each of the Major League Baseball 





1996 
1997, 


All-Star Games from 1990 to 1997 are recorded in the table at the right. 1990 2 
Write a relation in which the first coordinate is the number of runs 1991 2 
scored by the American League and the second coordinate is the num- 1992 Z 
ber of runs scored by the National League. Is the relation a function? 1993 3 
1994 8 

1995 o 

6 

1 


Find the domain and range of the relation. State whether or not the relation is a 


function. 

9. {(0, 0), (2, 0), (4, 0), (6, 0)} 10.0) (2, 2). (02) 2) eee 
tS (272), (2 4); (23.6), (2; 8)} Rie d(s4, 4) (=2)2)(0,.0),.(—25—2)t 
1380, O) CAN O72)) (3,43)} 14. {(0,5)/@p4yp@, 8)yGh2)n(41) A GO)} 
PO eee 8) a) 2 a 4), 16.2) {(=41;:0) pO ;=D)n@) 0), 4273) 5G} 


Evaluate the function at the given value of x. Write an ordered pair that is an ele- 
ment of the function. 


17. f(x) =4x;x = 10 18. f(x) = 8x;x = 11 19. f(x) =x -—5;x =—-6 

20. f(ix)=x+73x=-9 21. f(x) = 3x7x = -2 22. f(x)=x?-1;x=—-8 
1 

23. f(x) =5x + 1x=5 24. fx) = 2x - 6x = 3 25. fx) =Ext+ 4x = -5 


3 
26. f(x) = teil = 2 27. f(x) = 2x73 = =4 28. f(x) =4x7+2;x=-3 
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Find the range of the function defined by the given equation. Write five ordered 
pairs that belong to the function. 


29. f(x) = 3x — 4; domain = {—5, —3, —1, 1, 3} 30. f(x) = 2x + 5; domain = {—10, —5, 0, 5, 10} 

31. f(x) = 5x + 3; domain = {-4, -2, 0, 2, 4} 32. f(x) = $x — 1; domain = {-8, -4, 0,4, 8} 

33. f(x) =x? + 6; domain = {—3, -1, 0, 1,3} 34. f(x) = 3x* + 6; domain’= {—2, —1,0, 1) 2} 
Graph. 

35. f(x) = 5x 36. f(x) = —4x 375 flx\imex ta2 

38. f(ix)=x-3 Bo T(x) = 6x — 1 40. f(x) =3x+4 

1 
41. f(x)=-2x+3 ADSM EL) = 5x EZ 43. f(x)= 3% 4 
44, f(x) = ext] 45. f(x) =4 46. f(x) =-3 


Graph using a graphing utility. 
1 
AT eet) 20 1 ASe f(x) = orl 49, f(x)= eat i) 





50. f(x)=sx+4 51. f(x) =sx+1 52. f(x) = -5x -2 


53. f(x) = —axt5 Sdayf@) ee 55. f(x) = -1 
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56. 


B75 


58. 


59: 
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Depreciation Depreciation is the declining value of an asset. For instance, a 
company that purchases a truck for $20,000 has an asset worth $20,000. In 
5 years, however, the value of the truck will have declined and it may be worth 
only $4000. An equation that represents this decline is V = 20,000 — 3200x, 
where V is the value, in dollars, of the truck after x years. 


a. 


b. 


Write the equation in functional notation. 


Use the coordinate axes at the right to graph 
the equation for values of x between 0 and 5. 


. The point (4, 7200) is on the graph. Write a 


sentence that explains the meaning of this 
ordered pair. 


20,000 aca . i 4 aise > : 
15,000 f~t-t—~4 
10,000 f=: se 

5000) eae 





Value (in dollars) 


0 1234 
Years 


Depreciation Acompany uses the equation V = 30,000 — 5000x to estimate 
the depreciated value, in dollars, of a computer. (See Exercise 56.) 


a. 


b. 


. The point (1, 25,000) is on the graph. 


Write the equation in functional nota- 
tion. 

Use the coordinate axes at the right to 
graph the equation for values of x 
between 0 and 5. 


Write a sentence that explains the mean- 
ing of this ordered pair. 


Value (in dollars) 


10,000 


20,000 | 





Years 


Business An architect charges a fee of $500 plus $2.65 per square foot to 
design a house. The equation that represents the architect’s fee is given by 
F = 2.65s + 500, where F is the fee, in dollars, and s is the number of square 
feet in the house. 


a. 
b. 


Write the equation in functional notation. 


Use the coordinate axes at the right to graph 
the equation for values of s between 0 and 
5000. 


. The point (3500, 9775) is on the graph. Write 


a sentence that explains the meaning of this 
ordered pair. 


15,000 | 


10,000 }: 





5000 J 


Fee (in dollars) 


: ee Ss 
0 2000 4000 6000 
Square feet 


Business A rental car company charges a “drop-off” fee of $50 to return a 
car to a location different from that from which it was rented. In addition, it 
charges a fee of $.18 per mile the car is driven. An equation that represents 
the total cost to rent a car from this company is C = 0.18m + 50, where C is 
the total cost, in dollars, and m is the number of miles the car is driven. 


a. 


Write the equation in functional notation. 


b. Use the coordinate axes at the right to 


c. 


graph the equation for values of m 
between 0 and 1000. 

The point (500, 140) is on the graph. Write 
a sentence that explains the meaning of 
this ordered pair. 


Cost (in dollars) 


Cosa 
300 }- 





100 fei 


0 200 400 600 80 
Miles 
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60. a. A function f consists of the ordered pairs{(=4) —6) 1 (— 232) (07 2), (26); 
(4, 10)}. Find f(2). 


b. A function f consists of the ordered Pairs) ls), (2a) ono). (4): 
Find f(1). 





61. Y ¢ Safety According to the AAA Foundation for Traffic Safety, Number of Incidents 
the incidence of major “road rage” traffic violence has been 
increasing, as shown in the table at the right. 


1990 129 


LOOT 1297; 
a. Do these data represent a function? Why or why not? 1992 1478 
b. If the data represent a function, do they represent a linear function? 1993 1555 

Why or why not? 1994 1669 


c. If the data represent a function, is the year a function of the number of 1995 1708 
incidents, or is the number of incidents a function of the year? 1996 1800 


d. If you had to predict the number of incidents of “road rage” traffic vio- 
lence in 1997 on the basis of the information in the table, would you pre- 
dict that it would be more or less than 1800? Explain your answer. 


62. Height-Time Graphs A child’s height is a function of the child’s age. The 
graph of this function is not linear, because children go through growth 
spurts as they develop. However, for the graph to be reasonable, the function 
must be an increasing function (that is, as the age increases, the height 
increases), because children do not get shorter as they grow older. Match 
each function described below with a reasonable graph of the function. 


a. The height of a plane above the ground during take-off depends on how 
long it has been since the plane left the gate. 

b. The height of a football above the ground is related to the number of sec- 
onds that have passed since it was punted. 


c. A basketball player is dribbling a basketball. The basketball’s distance 
from the floor is related to the number of seconds that have passed since 
the player began dribbling the ball. 


d. Two children are seated together on a roller coaster. The height of the chil- 
dren above the ground depends on how long they have been on the ride. 


I I Il IV 


Height 
Height 
Height 
Height 


Time Time Time Time 


63. Write a few sentences describing the similarities and differences 
between relations and functions. 


256 Chapter 5 / Linear Equations and Inequalities 


64. y Investigating a relationship between two variables is an important task 
in the application of mathematics. For example, botanists study the rela- 

tionship between the number of bushels of wheat yielded per acre and the 
amount of watering per acre. Environmental scientists study the relationship 
between the incidence of skin cancer and the amount of ozone in the atmos- 
phere. Business analysts study the relationship between the price of a prod- 

uct and the number of products that are sold at that price. Describe a 


relationship that is important to your major field of study. 


65. Y Functions are a part of our everyday lives. For example, the cost to mail 
a package via first-class mail is a function of the weight of the package. 
The tuition paid by a part-time student is a function of the number of credit 


hours the student registers for. Provide other examples of functions. 





SECTION 5.6 
Graphing Linear Inequalities 


POINT OF INTEREST 


Linear inequalities play an 
important role in applied 
mathematics. They are used 
in a branch of mathematics 
called linear programming, 
which was developed during 
World War II to solve 
problems in supplying the Air 
Force with the machine parts 
necessary to keep planes 
flying. Today its applications 
have been broadened to 
many other disciplines. 


Graph inequalities in two variables 


The graph of the linear equation y = x — 2 separates a plane into three sets: 


the set of points on the line 
the set of points above the line 
the set of points below the line 


The point whose coordinates are 
(3, 1) is a solution of y = x — 2. 


The point whose coordinates are 
(3, 3) is a solution of y > x — 2. 


The point whose coordinates are 
(3, -1) is a solution of y < x — 2. 


fs 


B54 sae 


Seal. 


Y, ok = 7D 
4 39 
=e) 





Any point above the line is a 
solution of y > x — 2; 


Any point below the line is a 
solution of y < x = 2. 


The solution set of y = x — 2 is all points on the line. The solution set of = aa. 
is all points above the line. The solution set of y < x — 2 is all points below the 
line. The solution set of an inequality in two variables is a half-plane. 
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The following illustrates the procedure for graphing a linear inequality. 


™ Graph the solution set of 2x + 3y = 6. 


2 OY = 0 

Solve the inequality for y. 29 AD Nace OY aa 2a 
3 St = 2a 

3y = 2G 

Sal 5 
2. 

ys-,xt 2 
Change the inequality to an equality and graph y=- : ene 


the line. If the inequality is = or =, the line 
is in the solution set and is shown by a solid 
line. If the inequality is > or <, the line is not 
a part of the solution set and is shown by a 
dashed line. 


If the inequality is in the form y > mx + b or 
y = mx + b, shade the upper half-plane. If the 
inequality is in the form y<mx+b or 
y = mx + b, shade the lower half-plane. 


: 2 ae 
The equation y= —3x +2 is in the form 


y = mx + b. Draw a solid line and shade the 
lower half-plane. 





The inequality 2x + 3y = 6 can also be graphed as shown below. 


™ Graph the solution set of 2x + 3y = 6. 


Change the inequality to an equality. 2x + 3y =6 
Find the x- and y-intercepts of the equation. To 

find the x-intercept, let y = 0. 2x + 3(0) =6 

2 = 6 

Oh a) 

The x-intercept is (3, 0). 

To find the y-intercept, let x = 0. 2(0) + 3y = 6 

BY, =.6 

YmeZ 


The y-intercept is (0, 2). 
Graph the ordered pairs (3, 0) and (0, 2). Draw a 
solid line through the points because the 
inequality is =. (See the following graph.) 
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The point (0, 0) can be used to determine 2x + 3y = 6 
Book esti which region to shade. If (0, 0) is a solution of — 2(0) + 3(0) = 6 
Any ordered pair is of the the inequality, then shade the region that 0 = Gn lire 
form (x, y). For the point (0, 0), includes the point (0, 0). If (0, 0) is not a solution 


substitute 0 for x and 0 for y 


in the inequality. of the inequality, then shade the region that 


does not include the point (0, 0). For this exam- 
ple, (0, 0) is a solution of the inequality. The 
region that contains the point (0, 0) is shaded. 


If the line passes through the point (0, 0), another 
point must be used to determine which region to 
shade. For example, use the point (1, 0). 





It is important to note that every point in the shaded region is a solution of the 
inequality and that every solution of the inequality is a point in the shaded region. 
No point outside of the shaded region is a solution of the inequality. 


™ Example 1 Graph the solution set of 3x + y > —2. 
: 


Solution axa 2 
OX Sy >= ox-— 2 © a> Solve the inequality for y. 
ser Mags 2 
> Graph y = —3x — 2s a dashed line. 
Shade the upper half-plane. 





Problem 1 Graph the solution set of x — 3y < 2. 
Solution See page S12. 


Solution > The inequality is solved for y. 
Graph y = 3s a dashed line. 


Shade the upper half-plane. 





| 

. 

| 

L 

r Example 2 Graph the solution set of y > 3. 
| 

. 

Problem 2 Graph the solution set of x < 3. 
L 


Solution See page S12. 





CONCEPT REVIEW 5.6 





Determine whether the statement is always true, sometimes true, or never true. 


1 : : : ; 
1. y =x — Sis an example of a linear equation in two variables. 


2. (—2,4) is a solution of y > x + 2. 
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(3, 0) is a solution of y <x — 1. 
Every point above the line y = x — 3 is a solution of y < x — 3. 


(0, 0) is not a solution of y > x + 4. Therefore, the point (0, 0) should not be 
in the shaded region that indicates the solution set of the inequality. 


In the graph of an inequality in two variables, any point in the shaded region 
is a solution of the inequality, and any point not in the shaded region is not 
a solution of the inequality. 


EXERCISES 5.6 


1. 


In the graph of a linear inequality, what does a solid line represent? 
What does a dashed line represent? 


In the graph of a linear inequality, what does the shaded portion of the 
graph represent? 


Graph the solution set. 


oe 


ae 


11. 


15. 


> 
Yee 20 eo A ie OX 5. y>ax—4 6. 
: <—2x-4 9. ys-2x-2 10 
y=—-yx-l 8. yS—5% —YS-5 ‘ 
RY 4 12 = 3 1335 2x yas 14. 


Yaa 16.meve=s0 Lee 2 = 4 18. 


5 
y>—gxtl 


4 
y<5xt3 


Oey =0 


—4x + 3y < -12 
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APPLYING CONCEPTS 5.6 


Write the inequality given its graph. 





19. 20. 

21. 2a 

Graph the solution set. 

23. y—5<A(x — 2) 24. y+3<6(x +1) 

258 Bie 2(y el) = y=, (5-=:x) 26.) 28 = 3) i (on) 


27. Y Does an inequality in two variables define a relation? Why or why not? 
Does an inequality in two variables define a function? Why or why not? 
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Focus on Problem Solving 





Counterexamples 


Some of the exercises in this text ask you to determine whether a statement is true 
or false. For instance, the statement “Every real number has a reciprocal” is false 
because 0 is a real number and 0 does not have a reciprocal. 


Finding an example, such as 0 has no reciprocal, to show that a statement is not 
always true is called “finding a counterexample.” A counterexample is an exam- 
ple that shows that a statement is not always true. 


Consider the statement “The product of two numbers is greater than either fac- 


uy ; ; 2 3 
tor.” A counterexample to this statement is the factors 5 and 7. The product of these 


fel ikl. Zak no 
numbers is > and 5 is smaller than 3 OFT There are many other counterexamples 


to the given statement. 


Here are some counterexamples to the statement “The square of a number is 
always larger than the number.” 


1\? 1 il 
(Ey =3 but a 


2; pate os 
5 ila but 1=1 


Z 
2 
For each of the next five statements, find at least one counterexample to show that 
the statement, or conjecture, is false. 

1. The product of two integers is always a positive number. 
. The sum of two prime numbers is never a prime number. 
. For all real numbers, |x + y| = |x| + |y]. 
. If x and y are nonzero real numbers and x > y, then Sen os y’. 


ao F WN 


. The quotient of any two nonzero real numbers is less than either one of the 
numbers. 


When a problem is posed, it may not be known whether the statement is true or 
false. For instance, Christian Goldbach (1690-1764) stated that every even integer 
greater than 2 can be written as the sum of two prime numbers. No one has ever 
been able to find a counterexample to this statement, but neither has anyone been 
able to prove that it is always true. 


In the next five exercises, answer true if the statement is always true. If there is an 
instance when the statement is false, give a counterexample. 

6. The reciprocal of a positive number is always smaller than the number. 

7. If x < 0, then |x| = —~x. 

8. For any two real numbers x and y,x + y > x — y. 

9. For any positive integer 1, w+nt+i17isa prime number. 


10. The list of numbers 1, 11, 111, 1111, 11111, . . . contains infinitely many com- 
posite numbers. (Hint: A number is divisible by 3 if the sum of the digits of the 
number is divisible by 3.) 
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Graphing Linear Equations with a Graphing Utility 


A computer or graphing calculator screen is divided into pixels. There are approxi- 
mately 6000 to 790,000 pixels available on the screen (depending on the computer 
or calculator). The greater the number of pixels, the smoother a graph will appear. 
A portion of a screen is shown at the left. Each little rectangle represents one pixel. 


The graphing utilities that are used by computers or calculators to graph an equa- 
tion do basically what we have shown in the text: They choose values of x and, for 
each, calculate the corresponding value of y. The pixel corresponding to the 
ordered pair is then turned on. The graph is jagged because pixels are much larger 
than the dots we draw on paper. 





The graph of y = 0.45x is shown at the left as the calculator drew it (jagged). The 


; 1 : 5 
x- and y-axes have been chosen so that each pixel represents 75 of a unit. Consider 


the region of the graph where x = 1, 1.1, and 1.2. 


The corresponding values of y are 0.45, 0.495, and 0.54. Because the y-axis is in 
tenths, the numbers 0.45, 0.495, and 0.54 are rounded to the nearest tenth before 
plotting. Rounding 0.45, 0.495, and 0.54 to the nearest tenth results in 0.5 for each 
number. Thus the ordered pairs (1, 0.45), (1.1, 0.495), and (1.2, 0.54) are graphed as 
(1, 0.5), (1.1, 0.5), and (1.2, 0.5). These points appear as three illuminated horizon- 
tal pixels. The graph of the line appears horizontal. However, if you use the 
TRACE feature of the calculator (see the appendix), the actual y-coordinate for 
each value of x is displayed. 





LOOK CLOSELY 


Xmin and Xmax are the 
smallest and largest values of 
x that will be shown on the 
screen. Ymin and Ymax are 
the smallest and largest 
values of y that will be shown 
on the screen. 


2 : : : 
Here are the keystrokes to graph y = 3x + 1. First the equation is entered. Then 


the domain (Xmin to Xmax) and the range (Ymin to Ymax) are entered. This is 


called the viewing window. By changing the keystrokes 2 [+]3 1 
(use for the Sharp EL-9600 or use for the Casio CFX-9850), you 


can graph different equations. 


SHARP EL-9600 


(Y=) [et] 2 [krort7n] [=] 3] 
1 [wtnpou] [>] 10 [ENTER] 10 
[ENTER] 1 [ENTER] [(-] 10 








CASIO CFX-9850 


[REND] 5 [Fe] [Fa]? [Kor] 


[=] 3 ]1 [exe] Sart] F3 
Fo] 10 [Exe] 10 [Exe] 1 [EXE] 


Pay = 2a} 


2.y=-5x-2 
SuroMare ti 
4. Ag + 3y = 75 


[ENTER] 1 


O[ENTER|1(ENTER] [>] 10 [Exe] 10 [Exe] 1 [Exe] 


For 2x, you may enter 2 X x or just 2x. The times sign X is not 
necessary on many graphing calculators. 


Use the key to enter a negative sign. 


Solve for y. Then enter the equation. 


You must adjust the viewing window. 
Suggestion: Xmin = —25, Xmax = 25, Xscl = 5, Ymin = —35 
Ymax = 35, Yscl = 5. See the Appendix for assistance. 


J 


(in meters 


Distance (in meters) 


Distance (in meters) 


per second) 










» 








(nouns aes 


Time (in seconds) 






meer on a seas 
Time (in seconds) 


2 3 4 


Time (in seconds) 


5 


500 Speed eon 
: Speed ; 
viet. 100 m/s 


5 


5 


x 
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Graphs of Motion 


Distance 
(in meters) 






A graph can be useful in analyzing the motion of a Time 
body. For example, consider an airplane in uni- (in seconds) 


form motion traveling at 100 m\s. The table at the 0. 0 

right shows the distance, in meters, traveled by the i 100 

plane at the end of each of five 1 second intervals. D 200 
3 300 
4 400 
5 500 


These data can be graphed on a rectangular coordinate system and a straight line 
drawn through the points plotted. The travel time is shown along the horizontal 
axis, and the distance traveled by the plane is shown along the vertical axis. (Note 
that the units along the two axes are not the same length.) 


To write the equation for the line just graphed, use the coordinates of any two 
points on the line to find the slope. The y-intercept is (0, 0). 


Let (x1, y;) = (1, 100) and (x, yz) = (2, 200). y=mx+b 
ance Deel 
NOOK 


Note that the slope of the line, 100, is equal to the speed, 100 m/s. The slope of a 
distance-time graph represents the speed of the object. 


The distance-time graphs for two planes are shown at the left. One plane is trav- 
eling at 100 m/s, and the other is traveling at 200 m/s. The slope of the line repre- 
senting the faster plane is greater than the slope of the line representing the slower 
plane. 


In the speed-time graph at the left, the time a plane has been flying at 100 m/s is 
shown along the horizontal axis, and its speed is shown along the vertical axis. 
Because the speed is constant, the graph is a horizontal line. 


The area between the horizontal line graphed and the horizontal axis is equal to 
the distance traveled by the plane up to that time. For example, the area of the 
shaded region on the graph is 


Length - width = (3 s)(100 m/s) = 300m 
The distance traveled by the plane in 3 s is equal to 300 m. 


1. Acar in uniform motion is traveling at 20 m/s. 
Prepare a distance-time graph for the car for 0s to 5s. 


. Find the slope of the line. 


2 


b 
c. Find the equation of the line. 

d. Prepare a speed-time graph for the car for 0's to 5s. 
e. Find the distance traveled by the car after 3 s. 


2. One car in uniform motion is traveling at 10 m/s. A second car in uniform 
motion is traveling at 15 m/s. 
a. Prepare one distance-time graph for both cars for 0s to5s. 
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b. Find the slope of each line. 
Find the equation of each line graphed. 


S 


d. Assuming that the cars started at the same point at 0s, find the distance 
between the cars at the end of 5s. 


3. a. In adistance-time graph, is it possible for the graph to be a horizontal line? 


b. What does a horizontal line reveal about the motion of the object during that 


time period? 





_ Chapter Summary 





Key Words 


A rectangular coordinate system is formed by two number lines, 
one horizontal and one vertical, that intersect at the zero point 
of each line. The number lines that make up a rectangular coor- 
dinate system are called the coordinate axes, or simply the axes. 
The origin is the point of intersection of the two coordinate 
axes. Generally, the horizontal axis is labeled the x-axis, and the 
vertical axis is labeled the y-axis. A rectangular coordinate sys- 
tem divides the plane determined by the axes into four regions 
called quadrants. (Objective 5.1.1) 


The coordinate axes determine a plane. Every point in the plane 
can be identified by an ordered pair (x, y). The first number in an 
ordered pair is called the x-coordinate or the abscissa. The sec- 
ond number is called the y-coordinate or the ordinate. The coor- 
dinates of a point are the numbers in the ordered pair 
associated with the point. (Objective 5.1.1) 


An equation of the form y = mx + b, where m is the coefficient 
of x and b is a constant, is a linear equation in two variables. 
A solution of a linear equation in two variables is an ordered 
pair (x, y) that makes the equation a true statement. (Objec- 
tive 5.2.1) 


The point at which a graph crosses the x-axis is called the 
x-intercept. At the x-intercept, the y-coordinate is 0. The point at 
which a graph crosses the y-axis is called the y-intercept. At the 
y-intercept, the x-coordinate is 0. (Objective 5.2.3) 


An equation of the form Ax + By = Cis also a linear equation in 
two variables. (Objective 5.2.3) 





Quadrant iil 7* |” Quadrant IV 
The ordered pair (4, —9) has x-coordinate 4 
and y-coordinate —9. 


y = 2x + 3 is an example of a linear equa- 
tion in two variables. The ordered pair (1, 5) 
is a solution of this equation because when 
1 is substituted for x and 5 is substituted for 
y, the result is a true statement. 





|x-intercept 
T14, OC 


(0, -2) 


y-intercept 





5x — 2y = 10 is an example of an equation 
in Ax + By = C form. 


The graph of y = b is a horizontal line with y-intercept (0, b). 
The graph of x =a is a vertical line with x-intercept (a, 0). 
(Objective 5.2.3) 


The slope of a line is a measure of the slant of the line. The sym- 
bol for slope is m. A line that slants upward to the right has a 
positive slope. A line that slants downward to the right has a 
negative slope. A horizontal line has zero slope. The slope of a 
vertical line is undefined. (Objective 5.3.1) 


A relation is any set of ordered pairs. The domain of a relation is 
the set of first coordinates of the ordered pairs. The range is the 
set of second coordinates of the ordered pairs. 

(Objective 5.5.1) 


A function is a relation in which no two ordered pairs have the 
same first coordinate and different second coordinates. 
(Objective 5.5.1) 


A function of the form f(x) = mx + b is a linear function. Its 
graph is a straight line. (Objective 5.5.2) 


The solution set of an inequality in two variables is a half-plane. 
(Objective 5.6.1) 


Essential Rules and Procedures 


To find the x-intercept, let y = 0. 
To find the y-intercept, let x = 0. (Objective 5.2.3) 


Slope of a Linear Equation 





SOS. = = A Xo # XxX, (Objective 5.3.1) 


2 
aa 
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The graph of y = —3 is a horizontal line 
with y-intercept (0, —3). The graph of x = 2 
is a vertical line with x-intercept (2, 0). 


For the graph of y= 4x —3, m= 4; the 
slope is positive. 

Fortheleraph of y= =6x" +" 1, 1 ="—6; the 
slope is negative. 

For the craph ofiyi—= =7, m7) —=.0,,the slope 
is 0. 

For the graph of x = 8, the slope is unde- 
fined. 


For the relation {(—2, —5), (0, —3), 4 —)} 
the domain is {—2, 0, 4} and the range is 
(2) =o) =} 


{(—27=5) P08 8) (4a 1)) is aatunetion: 
(2,5), =-2 3), (4 I) is motrant une. 
tion because two ordered pairs have x-coor- 
dinate —2 and different y-coordinates. 


f(x) = —3x + 8 is an example of a linear 
function. 


The solution set of y > x — 2 is all points 

above the line y = x — 2. The solution set of 

y<x-2 is all points below the line 
ee at 


To find the x-intercept of 4x — 3y = 12, let 
y = 0. To find the y-intercept, let x = 0. 


Ay OY = 1 Ae = OY = 12 
Ax — 3(0) = 12 A(0) = oy — 12 
A720 = 12 oy 12 
4x = 12 OY a 
ao y= =4 


The x-intercept 
is (3, 0). 


The y-intercept 
is (0, —4). 


To find the slope of the line between the 
pemted(2 3) and) (= 16) wet P= 273) 
and P; =(—1, 6). Then (x, ¥,) — 2, —3) 
and (%, ¥) = (—1, 6). 


Un OO) ye £9 3 
=f=2) =3 





We 
eae 
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Slope-Intercept Form of a Linear Equation 


y=mx+b (Objective 5.3.2) 


Point-Slope Formula 


y — y, = m(x — x,) (Objective 5.4.2) 


11. 





Find the ordered-pair solution of y = -= 


that corresponds to x = 3. 


ia 


Graph: x ==3 


Evaluate f(x) = 3x* + 4 atx = —5. 


Graphs so. e 


Find the equation of the line that contains the 
point whose coordinates are (—1, 2) and has 


2 
slope — 3. 


Graph the line that has slope : and y-intercept 
(Oey 


Ze 


10. 


12: 


For the equation y = —4x + 7, 
the slope = m = —4 and 
the y-intercept = (0, b) = (0, 7). 


To find the equation of the line that contains 
the point (6,—1) and has slope 2, let 
(x1, y,) = (6, -1) and m = 2. 


y— y= mx — x) 
y (1) = 20— 6) 
YP A 2a 
y= 2018 


shapter Review Exercises 


Find the equation of the line that contains the 
point whose coordinates are (0, —1) and has 
slope 3. 


Graph the ordered pairs (—3, 1) and (0, 2). 


Find the slope of the line that contains the 
points whose coordinates are (3, —4) and 
(1, —4). 


Graph: 3x — 2y = 6 


Find the x- and y-intercepts for 6x — 4y = 12. 


Graph: f(x) = =x + 4. 


a3; 


15. 


by: 


19; 


mae 


23% 


Ds 


ZA 


293 


Find the equation of the line that contains the 
point whose coordinates are (—3, 1) and has 


aes 
slope 5. 


Evaluate f(x) = a ae at y=. — 10, 


Graph: y = Sx as, 


Graph the ordered pairs (—2, —3) and (2, 4). 


Find the x- and y-intercepts for 
XO ee 


Graph: y = 3 


Find the slope of the line that contains the points 
whose coordinates are (2, —3) and (—3, 4). 


Graph the line that has slope —1 and y-intercept 


(0, 2). 


Find the ordered-pair solution of y = 2x — 1 
that corresponds to x = —2. 


14. 


16. 


18. 


20. 


pats 


24. 


26. 


28. 


30. 
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Find the slope of the line that contains the 
points whose coordinates are (2, —3) and (4, 1). 


Find the domain and range of the relation 
{(—20, —10), (—10, —5), (0, 0), (10, 5)}. Is the rela- 
tion a function? 


Graph the line that has slope 2 and y-intercept 
2: 


Graph) — oxen 


Find the equation of the line that contains the 
point whose coordinates are (—1, 0) and has 
slope 2. 


Graph the solution set of 3x + 2y = 12. 


Find the equation of the line that contains 
the point whose coordinates are (2, 3) and has 


jones 
slope 5. 


Graphs 24 — Sy) 56 


Find the equation of the line that contains the 
point (0, 2) and has slope —3. 
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31. 


B35 


35. 


37. 


39. 


41. 


43. 


45. 


46. 


Chapter 5 / Linear Equations and Inequalities 


Graph: f(x)= 2x 


Find the slope of the line that contains the 
points whose coordinates are (3, —2) and (3, 5); 


Is (—10, 0) a solution of y = aa + 2y 


Find the x- and y-intercepts for 4x — 3y = 0. 


Graph the solution set of 6x — y > 6. 


Find the equation of the line that contains the 
point whose coordinates are (0, —4) and has 
slope 3. 


Find the domain and range of the relation 
‘eG 10n 5), (5,0); 6710) (= 107 0)} ais the rela- 
tion a function? 

Find the range of the function given by the 
equation f(x) = aE +4 if the domain is 
{-6, —3, 0, 3, 6}. | 


32s 


34, 


36. 


38. 


40. 


42. 


44, 


5 
Evaluate f(x) = 3x — Satx = a 


Find the equation of the line that contains the 
point whose coordinates are (2, —1) and has 


slope 2 


Find the ordered-pair solution of y = 4x — 9 
that corresponds to x = 2. 


Find the equation of the line that contains the 
point whose coordinates are (—2, 3) and has 
zero slope. 


Graph the line that has slope —3 and y-intercept 
(0, 1). 


Graph 22) = 4 


Find the range of the function given by the 
equation f(x)=3x+7 if the domain is 
{—20, =10, 0, 10, 20}: 


@ According to the National Association of Chain Drug Stores, 
. the largest drugstore chains are Walgreen, Rite-Aid, CVS, Eck- 
erd, and American Drug. The revenue, to the nearest billion, for the 
12 months ending October 30, 1997, and the number of stores in each 
chain, to the nearest hundred, are recorded in the table below. Graph 


the scatter diagram for these data. 


Revenue, in billions of dollars, x 13 12 


Number of stores, y 


11 


2300 3900 4000 2800 


y > 
1000 


47. 


48. 


49, 


50. 


¢ 
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The major airlines routinely overbook flights, but generally 
passengers voluntarily give up their seats when offered free air- 


line tickets as compensation. The table below gives the number of 
passengers who voluntarily gave up their seats and the number who 
involuntarily gave up their seats during the years 1993 through 1997. 
Numbers are rounded to the nearest ten thousand. (Source: USA 
TODAY analysis of Department of Transportation data.) Graph the 
scatter diagram for these data. 


Number of volunteers, in ten thousands, x COM 7 79 90 102 
Number involuntarily bumped, inten thousands,y | 4 5 5 6 D 


The table below shows the tread depth, in millimeters, of a tire and 
the number of miles, in thousands, that have been driven on that tire. 


Miles driven | 25 35 40 = 20 
Tread depth 


BOaeeo DD wll ee. tO) 


Write a relation in which the first coordinate is the number of miles 
driven and the second coordinate is the tread depth. Is the relation a 
function? 


A contractor uses the equation C = 70s + 40,000 to 
estimate the cost of building a new house. In this 
equation, C is the total cost, in dollars, and s is the 
number of square feet in the home. 


a. 
b. 


Write the equation in functional notation. 


Use the coordinate axes at the right to graph the 
equation for values of s between 0 and 5000. 


. The point (1500, 145,000) is on the graph. Write a 


sentence that explains the meaning of this 
ordered pair. 


@ The graph at the right shows the number of 


Y heart surgeries performed over a 10-year 


period. Find the slope of the line. Write a sentence 
that states the meaning of the slope. 


Chapter Test 










D 
a C 
os 
oo 4}. 
S 
3% 3 
= 
ag2 
Sy 
> 9 
8 5 ae 
OVO lee sates 
a Square feet 
(in thousands) 
7, 800 f= (1990, 781) 
o : 
5400 
200 | 





Find the equation of the line that contains the 
point whose coordinates are (9, —3) and has 


slope — * 


2. Find the slope of the line that contains the 


points whose coordinates are (9, 8) and (Zeek). 
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‘3. 


11. 


13. 


1D. 


17. 
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Find the x- and y-intercepts for 3x — 2y = 24. 


Graph:ox -F oy —"15 


3 
Evaluate f(x) = 4x + 7 atx =7. 


Graph the line that has slope -= and y-intercept 
(0, 4). 


Graph the ordered pairs (3, —2) and (0, 4). 


Find the slope of the line that contains the 
points whose coordinates are (4, —3) and 
(2a ao) 


Find the equation of the line that contains the 
point whose coordinates are (2, 1) and has 
slope4. * 


Graph: y = —2x - 1 


10. 


12. 


14. 


16. 


18. 


: 4 
Find the ordered-pair solution of y= —3x — 1 


that corresponds to x = 9. 


Graph: y = me 3 


2 
Is (6, 3) a solution of y = 3x t 1? 


Graph the solution set of 2x — y = 2. 


Graph the line that has slope 2 and y-intercept 
(0, —4). 


Find the equation of the line that contains the 
point whose coordinates are (0, 7) and has slope 
2 


5" 


Evaluate f(x) = 4x? — 3 atx = —2. 


Graph the solution set of y > 2. 


19. 


21. 


ase 


Zoe 


DA i 


28. 


Chapter 5/ Chapter Test 271 


Graph the line that has slope : and y-intercept 


Find the domain and range of the relation {(8, 8), 
(8, 4), (8, 2), (8, 0)}. Is the relation a function? 


Graph: x = —3 20. 
(O7==3): 
Graph: f(x) = -=x amie 22. Graph: f(x) = —5x 
Evaluate f(x) = —3x + 7 atx = —6. 24. 
Find the equation of the line that contains the 26. 


point whose coordinates are (5, 0) and has 


Find the range of the function given by the 
equation f(x)=—3x+5 if the domain is 


3 fee, U4 Oh. 
slope =. 


The distance, in miles, a house is from a fire station and the amount, in thou- 
sands of dollars, of fire damage that house sustained in a fire are given in the 
following table. Graph the scatter diagram for these data. 


Distance (in miles), x Deere DD 2 0.0 
Damage (in thousands of dollars), y | 25 30 40 35 





A company that manufactures toasters has fixed costs of $1000 each month. 
The manufacturing cost per toaster is $8. An equation that represents the 
total cost to manufacture the toasters is C = 8t + 1000, where C is the total 
cost, in dollars, and t is the number of toasters manufactured each month. 


a. Write the equation in 
functional notation. 


b. Use the coordinate 
axes at the right to 
graph the equation 
for values of t 
between 0 and 500. 

c. The point (340, 3720) is on the graph. Write a sentence that explains 
the meaning of this ordered pair. 





Cost (in dollars) 





100 200 300 
Toasters manufactured 


272 ~~ Chapter 5 / Linear Equations and Inequalities 


29. The data in the following table show a reading test grade and the final exam 


30. 


grade in a history class. 


Reading test grade | 85 9.4 10.1 114 120 
History exam | 64 68 76 8/7" 92 





Write a relation in which the first coordinate is the reading test grade and 
the second coordinate is the score on the history final exam. Is the relation a 
function? 


The graph at the right shows the cost, in dollars, per 1000 board feet of 


lumber over a six-month period. Find the slope of the line. Write a sentence & - 

that states the meaning of the slope. = 300 |- 
2001 
S 100 





Month 


Cumulative Review Exercises 








Simplity: 12 18.203. (-2)° 2. Evaluate £— when a = —2,b =3,andc = —4. 
Simplify: 4(2 — 3x) — 5(x — 4) 4." SOLVE! ZY — : = - 

Solve: 3x — 21x — 32) = 3x)] =x 6 6. Write 65% as a fraction. 

Use the roster method to write the set of natural 8. Given D = {—23, —18, —4, 0,5}, which elements 


numbers less than 9. of set D are greater than —16? 


11. 


13. 


15s 


7 


19: 


Dae 


Solve: 8a —-3 = 5a -—6 


Find the ordered-pair solution of y = 3x — 1 
that corresponds to x = —2. 


Find the x- and y-intercepts for 5x + 2y = 20. 


Graph: y = a tee 


Graph: f(x) = —4x — 1 


Find the domain and range of the relation 
{(0, 4), (1, 3), (2, 2), (3, 1), (4, 0)}. Is the relation a 
function? 


10. 


i: 


14, 


16. 


18. 


20. 
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Solve 4x — 5y = 15 for y. 


Find the slope of the line that contains the 
points whose coordinates are (2, 3) and (—2, 3). 


Find the equation of the line that contains the 
point whose coordinates are (3, 2) and has 
slope —1. 


Graphvsxeny = 2 


Graph the solution set of x — y = 5. 


Evaluate f(x) = —4x + 9atx =5. 


; 5 P 
Find the range of the function given by the equation f(x) = —3x + 3 if the 


domain is {—9, —6, —3, 0, 3, 6}. 
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22. 


23. 


24. 


25. 


Chapter 5 / Linear Equations and Inequalities 


The sum of two numbers is 24. Twice the smaller number is three less than 
the larger number. Find the two numbers. 


A lever is 8 ft long. A force of 80 Ib is applied to one end of the lever, and a 
force of 560 Ib is applied to the other end. Where is the fulcrum located when 
the system balances? 


The perimeter of a triangle is 49 ft. The length of the first side is twice the 
length of the third side, and the length of the second side is 5 ft more than the 
length of the third side. Find the length of the first side. 


A suit that regularly sells for $89 is on sale for 30% off the regular price. Find 
the sale price. 





A mechanical engineer designs engines 
and motors. It is part of the mechanical 
engineer's job to determine the size and 
the layout of pipes that are needed to 
transport water or air or any other 
material from one place to another 
within a motor. In these designs, the 
temperatures and pressures of the 
materials being transported must be 
taken into consideration. Therefore, 
calculations performed by a mechanical 
engineer normally require equations 
that have more than one variable. 








Systems of | 
Linear Equations 


6.1.1 
6.2.1 


6.3.1 


6.4.1 
6.4.2 


OBJ ECTIVES | 


Solve systems of linear equations by graphing 
Solve systems of linear equations by the 
substitution method 


Solve systems of linear equations by the 
addition method 


Rate-of-wind and water-current problems 
Application problems 
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Input-Output Analysis 





The economies of the industrial nations are very complex; they comprise 
hundreds of different industries, and each industry supplies other industries 
with goods and services needed in the production process. For example, the 
steel industry requires coal to produce steel, and the coal __ 
industry requires steel (in the form of machinery) to mine ae 
transport coal. a 


_ Wassily Leontief, a Russian-born economist, developed a 
method of describing mathematically the interactions of an 
economic system. His technique was to examine various 
sectors of an economy (steel industry, oil, farms, autos, and so_- 
on) and determine how each sector interacted with the others. 
More than five hundred sectors of the economy were studied. 


The interaction of each sector with the others was written as 
a series of equations. This series of equations is called a system 
of equations. Using a computer, economists searched for a 
solution to the system of equations that would determine the 
output levels various sectors would have to meet to satisfy the 
requests from other sectors. The method is called input-output 
analysis. 


Input-output analysis has many applications. For example, it 
is used today to predict the production needs of large 
corporations and to determine the effect of price changes on 
the economy. In recognition of the importance of his ideas, 
Leontief was awarded the Nobel Prize in Economics in 1973. 


This chapter begins the study of systems of equations. 
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SECTION 6.l 


Solving Systems of Linear 
Equations by Graphing 

ry i 
Solve systems of linear equations by (Co) 
graphing 
Equations considered together are called a system of equations. 2x + y =3 
A system of equations is shown at the right. x+y=1 


A solution of a system of equations in two variables is an ordered pair that is a 
solution of each equation of the system. 


For example, (2, —1) is a solution of the sys- x+y=3 xt+y=1 
tem of equations given above because it is a (2) (1) | ae eee 
solution of each equation in the system. zy ray) =] 
However, (3, —3) is not a solution of this sys- Se, 
tem because it is not a solution of each equa- 
tion in the system. ax +y=3 hy = 1 
23) erx( oO). [eon motes Gao) ala 
623 (S3) hee Ora 
ia 


Example 1 Is (1, —3) a solution of the system 3x + 2y = —3 


X= Sie OF 
Solution Sa aS Mi oy a0 
ol 23) Iso | oes) 6 
B+ (—6) | 3. 7 1 Blea) Ik 
eens MOA 


No, (1, —3) is not a solution of the system of equations. 


Problem 1 _ Is (—1, —2) a solution of the system 2x — 5y = 8 
—x + 3y = —5? 


Solution See page S12. 


The solution of a system of linear equations in two variables can be found by 
graphing the two equations on the same coordinate system. Three possible condi- 
tions result. 


1. The lines graphed can intersect at one point. The point 
of intersection of the lines is the ordered pair that is a 
solution of each equation of the system. It is the solution 
of the system of equations. The system of equations is 
independent. 
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2. The lines graphed can be parallel and not intersect at 
all. The system of equations is inconsistent and has 
no solution. 













3. The lines graphed can represent the same line. The 
lines intersect at infinitely many points; therefore, 
there are infinitely many solutions. The system of 
equations is dependent. The solutions are the ordered 
pairs that are solutions of either one of the two equa- 
tions in the system. 


®™} Solve by graphing: 2x + 3y = 6 
2 ye 


Graph each line. 


The graphs of the equations intersect at 
one point. 
The system of equations is independent. 


Find the point of intersection. 


The solution is (—3, 4). 





The INTERSECT feature on a graphing calculator can be used to find 
the solution of the system of equations given above. However, if the 
ZOOM feature is used to estimate the solution, the estimated solution 
might be (—3.03, 4.05), or some other ordered pair that contains decimals. 
When these values are rounded to the nearest integer, the ordered pair 
becomes (—3, 4), which is the solution of the system. This solution can be 
verified by replacing x by —3 and y by 4 in the system of equations. 





=) Solve by graphing: 2x —y=1 
6S y a2 


Graph each line. 


The lines are parallel and therefore do 
not intersect. 


The system of equations is inconsistent 
and has no solution. 
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® Solve by graphing: 2x + 3y = 6 
Cc agp = 18 


Graph each line. 


The two equations represent the same line. 
The system of equations is dependent and, 
therefore, has an infinite number of solutions. 


The solutions are the ordered pairs that are 
solutions of the equation 2x + 3y = 6. 





By choosing values for x, substituting these values into the equation 
2x + 3y = 6, and finding the corresponding values for y, we can find some spe- 
cific ordered-pair solutions. For example, (3, 0), (0, 2), and (6, —2) are solutions 
of this system of equations. 


™ Example 2 Solveby graphing. A. x —2y=2 B: 4x — 2y =%6 
ye. ens, 





Solution A. 





The solution is (4, 1). The system of equations is de- 
pendent. The solutions are the 
ordered pairs that satisfy the 
equation’ = 2% — "3. 


Problem 2 Solveby graphing. A. x+3y=3  B. y= 3x —A 
seagate et yt 16 


| 
L Solution See page S12. 





CONCEPT REVIEW 6.1 





Determine whether the statement is always true, sometimes true, or never true. 


1. 


A solution of a system of linear equations in two variables is an ordered pair 


(x, ¥): 


Graphically, the solution of an independent system of linear equations in two 
variables is the point of intersection of the graphs of the two equations. 
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Suppose an ordered pair is a solution of one equation in a system of linear 


equations and not of the other equation. Then the system has no solution. 


Either a system of linear equations has one solution, represented graphically 
by two lines intersecting at exactly one point, or no solutions, represented 


graphically by two parallel lines. 


The graph at the right is the graph of a system of two linear equations. 


6. An independent system of equations has no solution. 


EXERCISES 6.1 


HY i. 


2 


11. 


13: 


15. 


17. 


18. 


¥ What is a system of equations? 


J 


Is (2, 3) a solution of the system 3x + 4y = 18 


tem of equations in two variables? 


2 ee 
Is (1, —2) a solution of the system 
Sey 5. 
2x + Oy = —82 


Is (4, 3) a solution of the system 5x — 2y = 14 
x+y =8? 


Is (—1, 3) a solution of the system 4x — y = —5 
2x + 5y = 13? 


Is (0, 0) a solution of the system 4x + 3y = 0 


Bey 1? 
Is (2, —3) a solution of the system 
Y= ey 
YG 


Is (5, 2) a solution of the system y = 2x — 8 
eee 


J 


dent system. 


graphing. 


4. 


10. 


12. 


14. 


16. 





How can you determine whether an ordered pair is a solution of a sys- 


Is (2, —1) a solution of the system x — 2y = 4 
2x + y= 37 


Is (—1, —1) a solution of the system 
x — 4y =3 


3x + y = 2? 
Is (2, 5) a solution of the system 3x + 2y = 16 
2X — Sy = A? 
Is (4, —1) a solution of the system 
Ayes 
2 Soyo Tie 


Is (2, 0) a solution of the system 3x — y = 6 
a Sy = 27 


Is (—1, —2) a solution of the system 
3x — 4y =5 


Yih ae 
Is (—4, 3) a solution of the system 
Y= 2 ell 
Y= 5x19? 


Explain how to solve a system of two equations in two variables by 


Explain each of the following in terms of a system of linear equations in 
two variables: an independent system, an inconsistent system, a depen- 


Section 6.1 / Solving Systems of Linear Equations by Graphing 281 





Solve by graphing. 
19 x.y = 3 20, 2nny4=4 20 ee = 6 
y= xty=5 x-y= 
22 OV 23beox — 2Y = 6 24. a 
2x + y= 2 y=3 3x + 2y = 
2D. = 3 26; oxi l= 0 Zi. y = 2x — 6 
y=-2 Ura kO) x+y= 
2B eke oY = 11 29 SAU2NA tay So aie 30. ei vis 
Vie Oke Oxi oy = 6 hoy = 
31. 4x-2y=4 S21G2ricinbyrra.6 33H 
Vie oo oie ra ot 2 
flesh 08 PL 
Ba Ox — zy = 10 35.) 3x. 7+ 4y = 0) 30a 2t oa 
ON a 20 2X Sys is 
ae: a 
Ba OY = 38. 4x + 6y = 12 39. 3x2) =e 
2x — 6y = 12 Oxy = 16 x=2y+4 
AN er ox + 2y = —14 41, 4x—-—y=5 DRIER I 
Bx — 44 = 2 yen Ax OY =n 
Solve by graphing. Then use a graphing utility to verify your solution. 
A300 5x 2y = 10 44. x-y=5d 452 Oy 
Oni 6 Zit Yee Ne eae 
AG ei 2 = SD a7 2x OY =O BS i 2X LOY eat) 
oxy = —15 2 2 
x Y y Bae gx ral y=5x-2 


APPLYING CONCEPTS 6.1 


Write a system of equations given the graph. 


49. 50. 
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51. 


53. 


54. 


55. 


56. 
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52. 





Determine whether the statement is always true, sometimes true, or never 
true. 


a. Two parallel lines have the same slope. 
b. Two different lines with the same y-intercept are parallel. 
c. Two different lines with the same slope are parallel. 


Write three different systems of equations: a. one that has (—3, 5) as its only 
solution, b. one for which there is no solution, and c. one that is a dependent 
system of equations. 


A Explain how you can determine from the graph of a system of two equa- 

tions in two variables whether it is an independent system of equations. 
Explain how you can determine whether it is an inconsistent system of 
equations. 


A » The following graph shows the life expectancy at birth for males 

- and females. Write an essay describing your interpretation of the 
data presented. Be sure to include in your discussion an interpretation of the 
point at which the two lines intersect. 


® 
a 
< 
ae 
° 
” 
— 
o 
> 


1900 1910 1920 1930 1940 1950 © 1960 _ 1970 1980 1990 2000 
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SPEVCNT 150 N 6.2 
Solving Systems of Linear 
Equations by the Substitution 


Method 
Peas BA 
BE Solve systems of linear equations by the (Cy 


substitution method 


A graphical solution of a system of equations may give only an approximate solu- 


Ave 
difficult to read from the graph. An algebraic method called the substitution 
method can be used to find an exact solution of a system. 


; : : i il 
tion of the system. For example, the point whose coordinates are 3 ; would be 


® Solve by substitution: 2x + 5y = —11 (1) 
Y= ox — 9) (2) 


Equation (2) states that y = 3x — 9. 


Substitute 3x — 9 for y in equation (1). 205 Ciao) 
Solve for x. 20 4- 1bx— 45 = — 10 
1745 il 
17x = 34 
2 

Substitute the value of x into equation (2) @) y =3x—9 
and solve for y. =o 

Y=6 49 

Uncen 


The solution is (2, —3). oi 


The graph of the system of equations given above is ns all 2 Wie cea 
shown at the right. Note that the lines intersect at the = aly = 3x -9f. 


point whose coordinates are (2, —3), which is the 
algebraic solution we determined by the substitution 
method. 






2x + 5y =-11] 
aes 4} 





® Solve by substitution: 5x+y=4 (1) 
2x = 3y = >) (2) 


Equation (1) is the easier equation to 
solve for one variable in terms of the 
other. 


Solve equation (1) for y. 5x +y=4 
Or, 
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LOOK CLOSELY 


You can always check the 
solution to an independent 
system of equations. Use the 
skill you developed in 
Objective 6.1.1 to check that 
the ordered pair is a solution 
of each equation in the 
system. 


Substitute —5x + 4 for y in equation (2). 2x — 3(—5x + 4) =5 
Solve for x. 20 Ses) aa 
Wx 12) 

17x = 17 
x= 1 
Substitute the value of x in equation (1) (1) 5x +y =4 
and solve for y. 51) +y=4 
ie iat VP 

7 

The solution is (1, —1). ee 


® Solve by substitution: y= 3x —-1 (1) 
Y=—2% — 6 =) 


Substitute —2x — 6 for y in equation (1). y=3x-1 
=2 10a 
Solve for x. —5x —=6=—-1 
—5x =5 
x=-l1 
Substitute the value of x into either equation y=3x-1 
and solve for y. Equation (1) is used here. y= oat 
Y = =o 1 
Y= 4 


The solution is (—1, —4). @ 


Example 1 Solve by substitution: 3x + 4y = —2 (1) 
—x + 2y=4 (2) 


Solution —x+2y=4 > Solve equation (2) for x. 
eS 2c 
A= Dy 
Oh ay oe > Substitute 2y — 4 for x in equa- 
3(2y — 4) + 4y = —2 tion (1). 
6 2 Ay 2 > Solve for y. 
1l0y —12="—2 
10y = 10 
Ya 
—*> 2y = 4 > Substitute the value of y into 
—x + 2(1) =4 equation (2). 
—x+2=4 > Solve for x. 
ee 
ae 


The solution is (—2, 1). 


Problem 1 Solve by substitution: 7x — y = 4 
3x + 2y =9 


Solution See page S13. 


LOOK CLOSELY 


Solve equation (1) for y. The 
resulting equation is 


y = —2x + 2. Thus both 
lines have the same slope, 


— 2, but different y-intercepts. 


The lines are parallel. 


LOOK CLOSELY 


Solve equation (1) for y. The 
resulting equation is 

y = 3x — 2, which is the 
same as equation (2). 
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Example 2 


Solution 


Problem 2 


Solution 


Example 3 


Solution 


Problem 3 


Solution 
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Solve by substitution: 4x + 2y =5 (1) 
i= 2 Sei (2) 


4x + 2y=5 

4x +.2(—2x +1) =5 
4x —4x+2=5 
2=5 


> Substitute —2x + 1 for y in equation (1). 


2 = 5 is not a true equation. The system of equations is inconsis- 
tent. The system does not have a solution. 


Solve by substitution: 3x — y = 4 


Yi oe te 
See page S13. 
Solve by substitution: 6x — 2y = 4 (1) 
ro ac ee () 
6x — 2y=4 > Substitute 3x — 2 for y in equation (1). 


6a 26x 2) 4 
OXON a4 
=4 


4 = 4 is a true equation. The system of equations is dependent. 
The solutions are the ordered pairs that satisfy the equation 
Vi kD 


Solve by substitution: Y == 21 


6x + 3y = 3 
See page S13. 


Note from Examples 2 and 3 above: If, when you are solving a system of equations, 
the variable is eliminated and the result is a false equation, such as 2 = 5, the sys- 
tem is inconsistent and does not have a solution. If the result is a true equation, 
such as 4 = 4, the system is dependent and has an infinite number of solutions. 


CONCEPT REVIEW 6.2 


Determine whether the statement is always true, sometimes true, or never true. 


1. If one of the equations in a system of two linear equations is y = x + 2, then 
x + 2 can be substituted for y in the other equation in the system. 


2. If a system of equations contains the equations y = 2x + 1 andx + y=5, 


then x + 2x +1=5. 


3. If the equation x = 4 results from solving a system of equations by the sub- 
stitution method, then the solution of the system of equations is 4. 


4. If the true equation 6 = 6 results from solving a system of equations by the 
substitution method, then the system of equations has an infinite number of 


solutions. 
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5. If the false equation 0 = 7 results from solving a system of equations by the 
substitution method, then the system of equations is independent. 


6. The ordered pair (0, 0) is a solution of a system of linear equations. 





EXERCISES 6.2 


El Solve by substitution. 
P22 2 Oy = 7 Z lo 3. 
x=2 3x — 2y = 6 
4, Ve rte 5: hime Yt, 6. 
x+y=6 x + 3y=2 
7. 2x + 3y=9 8. 3x + 2y=11 9. 
yin 2 Vite oO 
10. 2x -y=-5 11. R23 1 
Ui 22 BBY. S15 
13. Ue =eeeOy 14. Yi 2 3X. 15: 
Bx t+y=5 6x + 2y=7 
16. May Lig) Bx OY a6 18. 
3x + 3y = 6 N= SY aS 
19: R= 4y —3 20. A= 2y 21: 
2x — 3y = 0 —2x + 4y =6 
22% Y = LA 23. 3x + 4y =7 24, 
2x -y=6 Mise! IB 2Y 
25. 2x—-—y=4 26. ya 2 aT 
3x + 2y = 6 3x — 2y = 6 
28. 3x — 5y=2 29. 7x-—y=4 30. 
2x—-y=4 Sx + 2y=1 
31. 4% -— 3y= —1 32. 3x — 7y = 28 33. 
YX eS yy 
34. 3x+y=4 35. x—-—4y=9 36. 
ay — 3y = 1 2x — 3y = 11 
37. 4x -—y=-5 38. 3x —y=5 39. 
2x + 5y = 13 2x Hiby = 8 
40. 4x + 3y=0 41. 5x + 2y=0 42. 
2x —-y=0 x — 3y=0 


Y= is 
xX+y=5 
yak 
Ke LY aN, 
3x —y=2 
=e 
t= al 
3x + 4y = 10 
¥ = Oates 
2x — 6y = 12 
Y= 20s 
4x — 3y = 1 
Y= 29 
3x —-y=2 
3x - 5y=1 
Ae 
4x — 3y=5 
x + 2y=4 
x—7y=A4 
—3x + 2y = 6 
7x +y=14 
2x — Sy = —33 
3x —-y=6 
x+ 3y=2 ° 
3x + 4y = 18 
2x—-y=1 
6x — 3y = 6 


2x —y=2 
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43. 3x+y=4 


Ox Sy = 12 
46 2X 11 
Y= ox — 19 
49” x= 3y + 7 
Ares — | 
OZ eye 7 
Vie eaXe TS 


APPLYING CONCEPTS 6.2 


44, 


47. 


50. 


53. 


Ke Sey 06 45. 
2x — 7y=9 

Y ou © 48. 
Y Fox > 13. 

ay on 
R= Oyo 

ox — y= 11 54, 
2x + 5y= —4 


Rewrite each equation so that the coefficients and constant are integers. Then 


solve the system of equations. 


55. 0.1x — 0.6y = -04 
—0.7x + 0.2y = 0.5 


58. —0.1x + 0.3y = 1.1 
0.4% — O.ly = -—2.2 


56. 


5: 


0.8x — 0.ly = 0.3 57. 
0.5x — 0.2y = -0.5 
1.2x + Oly = 1.9 60. 


O.1x + 0.3y = 2.2 


For what value of k does the system of equations have no solution? 


612 2x'—" 3 = "7 62. 8x — 4y=1 63. 
kx — 3y =4 CNet hear 
1 
64. The following was offered as a solution to the (1) Yep Xk ch 2 
system of equations shown at the right. (2) 2x +5y=10 


65. 


66. 


2x + dy = 10.» Equation: (2) 
PM ta 2 a(}x at 2} = 10 > Substitute 5 442 tory 


2x + 2x cee =O Sele fae 
9 
5+ =0 
x=0 


At this point the student stated that because x = 0, the system of equations 
has no solution. If this assertion is correct, is the system of equations inde- 
pendent, dependent, or inconsistent? If the assertion is not correct, what is 
the correct solution? 


Y Describe in your own words the process of solving a system of equations 
by the substitution method. 


When you solve a system of equations by the substitution method, how 
Y do you determine whether the system of equations is dependent? How 
do you determine whether the system of equations is inconsistent? 


tly = =O 
2% — Sy = 5 
fy ae a Ne 
Y= Oe 
eT ely 
=e 1d) 
=< OV 8 
2X oy = 11 


0.4x + 0.5y = 0.2 
0.3x — Oly = 1.1 


1.25x — 0.0ly =15 
0.24x — 0.02y = —1.52 


x=4y+4 
kx — 8y =4 
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S BuGuleli@uNe-023 


Solving Systems of Linear 
Equations by the Addition 
Method 


Solve systems of linear equations by the (3) 
addition method 


Another algebraic method for solving a system of equations is called the addition 
method. It is based on the Addition Property of Equations. 


In the system of equations at the right, note the effect (1) 3x + 2y =4 
of adding equation (2) to equation (1). Because 2y and (2) Ay 210, 


—2y are opposites, adding the equations results in an 7x + Oy = 14 

equation with only one variable. 7X Ve 

The solution of the resulting equation is the first coor- 7x = 14 
dinate of the ordered-pair solution of the system. GEL 
The second coordinate is found by substituting the (1) Sk 24 
value of x into equation (1) or (2) and then solving for 3° 2+ 2y=4 
y. Equation (1) is used here. 6+ 2y=4 

2y = —2 

yee Il 


The solution is (2, —1). 


Sometimes adding the two equations does not eliminate one of the variables. In 
this case, use the Multiplication Property of Equations to rewrite one or both of the 
equations so that when the equations are added, one of the variables is eliminated. 


To do this, first choose which variable to eliminate. The coefficients of that vari- 
able must be opposites. Multiply each equation by a constant that will produce 
coefficients that are opposites. 


® Solve by the addition method: 3x + 2y=7 (1) 
5x = 44 =19) (2) 


To eliminate y, multiply each side of equa- 2(3x + 2y) =2-7 
tion (1) by 2. 54 = 4y = 19 
Now the coefficients of the y terms are oppo- 6x + 4y = 14 
sites. Sa Aiie 19 
Add the equations. Li Oye 
Solve for x. Vx 33 
Se 
Substitute the value of x into one of the equa- (2) Seay = 19 
tions and solve for y. Equation (2) is used here. Dius= y= 19 
15 — 4y = 19 
—4y =4 
vis a 


The solution is (3, —1). @ 
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™ Solve by the addition method: 5x + oy =38 21) 
2 =£5y = 16-72) 


To eliminate x, multiply each side of equa- D) (5x + 6y) =2-3 
tion (1) by 2 and each side of equation (2) by 5 (2x — 5y) = —5 - 16 
—5. Note how the constants are selected. The 

negative sign is used so that the coefficients 

will be opposites. 


Now the coefficients of the x terms are oppo- 10x + 12y =6 
sites. = OMS, 25 ol) 
Add the equations. Ox + 37y = —74 
Solve for y. a7 == 74 
i oe 
Substitute the value of y into one of the equa- (1) 5x + 6y =3 
tions and solve for x. Equation (1) is used 5x + 6(—2) =3 
here. Sy = 123 
5x = 15 
x=3 


The solution is (G, =2): r 


© Solve by the addition method: 5x =2y—7 (1) 
3x + 4y =1 (2) 
Write equation (1) in the form Ax + By = C. Ok = Zi we, 
Ox ayia 
Eliminate y. Multiply each side of equation (1) 25x = 2y) = 2(—7) 
by 2. 3x + 4y =1 
Now the coefficients of the y terms are oppo- 10x = Ay 4 
sites. ont 4y = 1 
Add the equations. 1S = Oates S 
Solve for x. 13x:="AG 
Neel 
Substitute the value of x into one of the equa- b= 2 hk 
tions and solve for y. Equation (1) is used here. 5(—)) = 2y = 7 
=i yee 
2a 
Peay, 


The solution is (—1,1). @ 


"© Solve by the addition method: 2x+y=2 (1) 
Ax + 2y = —5, (2) 


To eliminate y, multiply each side of equation (1) by —4y — 2y = —4 
ui ai Dye 
Add the equations. Ona Oye hao 
This is not a true equation. Oran? 


The system of equations is inconsistent. The system does not have a solution. 
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_ Came ee tee The graphs of the two equations in the system of equations above are shown at the 


x left. Note that the graphs are parallel and therefore do not intersect. Thus the sys- 






ef aR SLANE LN AS 


: 
. 
| 
| 


Solution 


Problem 1 


Solution 


[ Example 2 


CONCEPT REVIEW 6.3 


Solution 


Problem 2 


Solution 


tem of equations has no solutions. 


Example 1 Solve by the addition method: 2x + 4y=7 (1) 


5x — 3y=-2 (2) 


5(2x + 4y) =5y 7 > Eliminate x. Multiply each side of 
—2(5x — 3y) = -2- (—2) equation (1) by 5 and each side of 
equation (2) by —2. 


10x 20y'= 35 
Ot Oy re 
20Y = 50 > Add the equations. 
(Wea a = : > Solve for y. 
3 > Substitute the value of y in equa- 
eS 4(3) me tion (1); 
2x +6= > Solve for x. 
TAN 
nae 
eb 


ee 
hp 





The solution is 


Solve by the addition method: x — 2y =1 


2x + 4y =0 

See page S13. 

Solve by the addition method: 6x + 9y=15 (1) 
Ax + 6y=10 (2) 


A(6x + 9y) =4- 15 > Eliminate x. Multiply each side of equa- 
—6(4x + 6y) = —6- 10 tion (1) by 4 and each side of equation (2) 


Dy —6. 
24x + 36y = 60 
=24y = 36y = —60 
0, =.0 > Add the equations. 


0 = 0 is a true equation. The system of equations is dependent. 
The solutions are ordered pairs that satisfy the equation 
6x Sy == 1. 


Solve by the addition method: 2x — 3y =4 
6x OY =——8 


See page S14. 


Determine whether the statement is always true, sometimes true, or never true. 


1. When using the addition method of solving a system of linear equations, if 
you multiply one side of an equation by a number, then you must multiply 
the other side of the equation by the same number. 
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When a system of linear equations is being solved by the addition method, 
in order for one of the variables to be eliminated, the coefficients of one of the 
variables must be opposites. 


If the two equations in a system of equations have the same slope and dif- 
ferent y-intercepts, then the system of equations has an infinite number of 


solutions. 
You are using the addition method to solve the system Sxich 2yl= 6 
of equations shown at the right. The first step you will 2x4 Bys= =6 


perform is to add the two equations. 


If the equation y = —2 results from solving a system of equations by the 
addition method, then the solution of the system of equations is —2. 


If the true equation —3 = —3 results from solving a system of equations by 
the addition method, then the system of equations is dependent. 





EXERCISES 6.3 


BY solve by the addition method. 


1. 


13. 


17. 


Zhe 


2D. 


ee y= 4 Dae Noct er Osun cake AX Oe 
Oar ae Lays DAE i) xy = 3 
Dea ae 6X ey — 4 Te 4X Oye 3. Ox an 
eo Oy = 4 Ok HAY = 82, eA 2ye a 24 ox. Oi =a 3 
2 — =o 10P a oy 2 L. 44437 = 15 1? 317 =A5 
AX 22 oy tO = 2 yl 64 oy =v 
2X oy =D 14. 2xedy 3 15.3.0) 2 =e 16, °452— By 
A oy = 3 3x =e by 3 eS y eS OXY 
Sx ay 10 18. 74> 10y= 15 LORKS REP 2y S10 20: 9 47 2y = 
Be ty — 6 Ay Oy ="6 6x oy =O oi oy =20 
2k oY = 16 22. 3x + 4y = 10 23 a tat oh 24 eK ae Yoo 
Say ax Sy aie Dx pe SY) el Sx shrey axl 
[ey 1 2652 Oy ao RIOT OX = SU 28. 4x — 8y = 36 


Bx oy =a27 22 s/o 6X oie bk Oe OUR aad 
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29. 5x + 15y = 20 30. yan S18 31. 3x = 2y +7 32. Zi Se OX 
2X Oyo 4x + 4y = —-1 Sree 2s Ox Y 1 

33;. 2x0 Dy —=16 34:5 Bx sais yals BSCR Ya eee 86: du sy = BY +4 
5x = 1 — 3y Axi Sy == 21 Tos ri2yies9 4x + 3y =11 
Oar pou te Yak 38.0 "2xe—ty r= 1 39. Ax + 3y = 3 40. 2x -5y=4 
oxy 2 2x= by= =1 Hiya x+ by =1 
at. 3x 4y =1 42. 2 ay ta 7, AS. BOX SB ys 44, 4x-2y=5 
Ax 3y"= 1 Ok yay =¥ Pr 4y='3 Dil Sy 8 


APPLYING CONCEPTS 6.3 


Solve. 


45. x 024 = 0.2 46... 0.px —1.2y. = 0:3 47 292 NOY 
02% + 0:py = 2.2 Oar =1.6 Zi ON iar SY 


48. The point of intersection of the graphs of the equations Ax + 2y = 2 and 
2x + By = 10 is (2, —2). Find A and B. 


49. The point of intersection of the graphs of the equations Ax — 4y = 9 and 
4x + By = —1 is (—1, —3). Find A and B. 


50. Given that the graphs of the equations 2x — y= 6, 3x — 4y=4, and 
Ax — 2y = O all intersect at the same point, find A. 


51. Given that the graphs of the equations 3x — 2y = —2, 2x — y=0, and 
Ax + y = 8 all intersect at the same point, find A. 


52. For what value of k is the system of equations dependent? 
a. 2x + 3y =7 b. y=5x-3 Cre = ky 1 
4x + by =k y=kx 3 Ye 


53. For what values of k is the system of equations independent? 


a xt+y=7 b. x+2y=4 C. 20 Pky a1 
kx +y =3 kx + 3y =2 x + 2y=2 
54. Describe in your own words the process of solving a system of equations 


by the addition method. 
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SECTION 6.4 


Application Problems in Two 
Variables 


MH Rate-of-wind and water-current problems (3) 


Solving motion problems that involve an object moving with or against a wind or 
current normally requires two variables. One variable represents the speed of the 
moving object in calm air or still water, and a second variable represents the rate 
of the wind or current. 





A plane flying with the wind will travel a greater distance per hour than it would 
travel without the wind. The resulting rate of the plane is represented by the sum 
of the plane’s speed and the rate of the wind. 


A plane traveling against the wind, on the other hand, will travel a shorter dis- 
tance per hour than it would travel without the wind. The resulting rate of the 
plane is represented by the difference between the plane’s speed and the rate of 
the wind. 


The same principle is used to describe the rate of a boat traveling with or against 


a water current. 


Solve: Flying with the wind, a small plane can fly 750 mi in 3 h. Against the wind, 
the plane can fly the same distance in 5 h. Find the rate of the plane in calm air 
and the rate of the wind. 


STRATEGY for solving rate-of-wind and water-current problems 





ma Choose one variable to represent the rate of the object in calm conditions 
and a second variable to represent the rate of the wind or current. Use 
these variables to express the rate of the object with and against the wind 
or current. Then use these expressions for the rate, as well as the time 
traveled with and against the wind or current and the fact that rf = d, to 
write expressions for the distance traveled by the object. The results can 
be recorded in a table. 


Rate of plane in calm air: p With wind: 750 mi in 3h & 


Rate of wind: w = 


Against wind: 750 mi in 5 h 


NS 













[Wwintewnd [pte] | 3 [=[Xrvw 
aasiat he wind [pe [| 5 [= [5ro 


pW) 
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m= Determine how the expressions for distance are related. 


The distance traveled with the wind is 750 mi. 3p; Wi) 7.00 
The distance traveled against the wind is 750 mi. Dy =e 700 


Solve the system of equations. 








3(p + w) = 750 Sp + w) _ 750 p + w = 250 
EE a > 

5(p — w) = 750 Sp — 0) _ 750 » — w = 150 

2p = 400 

p = 200 

Substitute the value of p in the equation p + w = 250. pr w= 250 

Solve for w. 200) + ww ="250 
0) 


The rate of the plane in calm air is 200 mph. 
The rate of the wind is 50 mph. 


r Example 1 A 600-mile trip from one city to another takes 4 h when a plane 
is flying with the wind. The return trip against the wind takes 
5 h. Find the rate of the plane in still air and the rate of the wind. 


Strategy With wind: 600 mi in 4h 





SS RR SSS RSET LISS TTT 





m Rate of the plane in still air: p 
Rate of the wind: w 


[ie [Bite 
pr 
m= The distance traveled with the wind is 600 mi. 


The distance traveled against the wind is 600 mi. 


Solution 4(p+w)=600 (1) 
5(p — w) = 600 (2) 











SEY ISL BLE LESTE 


US CARR 


MRSS STRATES REARS TST 


we a =~ > Simplify equation (1) by dividing each side 
of the equation by 4. 
coo = = > Simplify equation (2) by dividing each side 
' of the equation by 5. 
p — w= 120 
: 2p = 270 > Add the two equations. 


i p = 135 > Solve for p, the rate of the plane in still air. 


POINT OF INTEREST 


The Babylonians had a 
method for solving a system 
of equations. Here is an 
adaptation of a problem from 
an ancient Babylonian text 
(around 1500 8.c.). “There are 
two silver blocks. The sum of 


: of tie first block and a of 


the second block is one 
shegel (a weight). The first 


block diminished by = of its 
weight equals the second 
diminished by = of its weight. 
What are the weights of the 
two blocks?” 
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prrtn=150 > Substitute the value of p into one of the 
135 + w = 150 equations. 
sy > Solve for w, the rate of the wind. 


The rate of the plane in still air is 135 mph. 
The rate of the wind is 15 mph. 


Problem1_ A canoeist paddling with the current can travel 24 mi in 3 h. 
Against the current, it takes 4 h to travel the same distance. Find 
the rate of the current and the rate of the canoeist in calm water. 


L Solution See page S14. 


ch 
Application problems (OD fee 


The application problems in this section are varieties of those problems solved 
earlier in the text. Each of the strategies for the problems in this section will result 
in a system of equations. 


Solve: A jeweler purchased 5 oz of a gold alloy and 20 oz of a silver alloy for a total 
cost of $700. The next day, at the same prices per ounce, the jeweler purchased 4 oz 
of the gold alloy and 30 oz of the silver alloy for a total cost of $630. Find the cost 
per ounce of the silver alloy. 


STRATEGY for solving an application problem in two variables 





- Choose one variable to represent one of the ae quantities ad a 
_second variable to represent the other unknown quantity. Write numerical 

_ or variable expressions for all the remaining quantities. These results can _ 
2 recorded in two fables, oneforeach of the conditions. ss 


Cost per ounce of gold: g 
Cost per ounce of silver: s 


-Pamount [= Orit eos | = [Waue 















First day 
Hb os ee NS 
Silver 
Second day |__| Amount | - | Unit cost | =| Value | 


eet Pps [=p a 
fsiver[ ops =o 


mm Determine a system of equations. The strategies presented in the chapter 

on “Solving Equations and Inequalities: Applications” can be used to 

determine the relationships between the expressions in the tables. Each 
table will give one equation of the system. 
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The total value of the purchase on the first day was $700. Sos 0s 9700 
The total value of the purchase on the second day was $630. 4g + 30s = 630 
Solve the system of equations. 


5g + 20s = 700 p 4(5¢ + 20s) = 4 - 700 » 20g + 80s = 2800 


4¢ + 30s = 630 —5(4¢ + 30s) = —3 630 =209 = 150s = 3150) 
—70s = —350 
S= 5 


The cost per ounce of the silver alloy was $5. 


Example 2 A store owner purchased 20 incandescent light bulbs and 30 flu- 
orescent bulbs for a total cost of $40. A second purchase, at the 
same prices, included 30 incandescent bulbs and 10 fluorescent 
bulbs for a total cost of $25. Find the cost of an incandescent bulb 
and of a fluorescent bulb. 


Strategy ™ Cost of an incandescent bulb: I 
Cost of a fluorescent bulb: F 










purchase Incandescent 
Fluorescent 

Second 

purchase Incandescent 
Fluorescent 











m The total of the first purchase was $40. 
The total of the second purchase was $25. 


Solution 201 + 30F = 40 (1) 
SOL + OF = 25_ (2) 


3(20I + 30F) = 3(40) > Eliminate I. Multiply each side of equa- 
=2B0E +) 10) = =2(25) tion (1) by 3 and each side of equa- 
tion (2) by —2. 


601 + 90F = 120 
= O00 20R = — 50 


70F = 70 > Add the two equations. 
F=1 > Solve for F, the cost of a fluorescent 
bulb. 
201 + 30F = 40 > Substitute the value of F into one of the 
201 + 3001) = 40 equations. 
20I = 10 > Solve for I. 
si 
ad 


The cost of an incandescent bulb was $.50. 
The cost of a fluorescent bulb was $1.00. 
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Problem 2 Two coin banks contain only dimes and quarters. In the first 
bank, the total value of the coins is $3.90. In the second bank, 
there are twice as many dimes as in the first bank and one-half 
the number of quarters. The total value of the coins in the second 
bank is $3.30. Find the number of dimes and the number of quar- 
ters in the first bank. 


Solution See page S14. 





CONCEPT REVIEW 6.4 


Determine whether the statement is always true, sometimes true, or never true. 


1. 


A plane flying with the wind is traveling faster than it would be traveling 
without the wind. 


The uniform motion equation r = dt is used to solve rate-of-wind and water- 
current problems. 


If b represents the rate of a boat in calm water and c represents the rate of the 
water current, then b + c represents the rate of the boat while it is traveling 
against the current. 


Both sides of an equation can be divided by the same number without chang- 
ing the solution of the equation. 


If, in a system of equations, p represents the rate of a plane in calm air and w 
represents the rate of the wind, and the solution of the system is p = 100, this 
means that the rate of the wind is 100. 


The system of equations at the right represents the fol- 2(p + w) = 600 
lowing problem: 3(p — w) = 600 


A plane flying with the wind flew 600 mi in 2 h. Flying against the wind, the 
plane could fly the same distance in 3 h. Find the rate of the plane in calm air. 





EXERCISES 6.4 


B88 Rate-of-Wind and Water-Current Problems 


i 


A whale swimming against an ocean current traveled 60 mi in 2 h. Swim- 
ming in the opposite direction, with the current, the whale was able to travel 
the same distance in 1.5 h. Find the speed of the whale in calm water and the 
rate of the ocean current. 


A plane flying with the jet stream flew from Los Angeles to Chicago, a dis- 
tance of 2250 mi, in 5 h. Flying against the jet stream, the plane could fly only 
1750 mi in the same amount of time. Find the rate of the plane in calm air and 
the rate of the wind. 
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10. 


oh. 


12. 


13. 
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A rowing team rowing with the current traveled 40 km in 2 h. Rowing 
against the current, the team could travel only 16 km in 2 h. Find the team’s 
rowing rate in calm water and the rate of the current. 


The bird capable of the fastest flying speed is the swift. A swift flying with 
the wind to a favorite feeding spot traveled 26 mi in 0.2 h. On the return trip, 
against the wind, the swift was able to travel only 16 mi in the same amount 
of time. Find the rate of the swift in calm air and the rate of the wind. 


A motorboat traveling with the current went 35 mi in 3.5 h. Traveling against 
the current, the boat went 12 mi in 3 h. Find the rate of the boat in calm water 
and the rate of the current. 


A small plane, flying into a headwind, flew 270 mi in 3 h. Flying with the 
wind, the plane traveled 260 mi in 2 h. Find the rate of the plane in calm air 
and the rate of the wind. 


A private Learjet 31A transporting passengers was flying with a tailwind and 
traveled 1120 mi in 2 h. Flying against the wind on the return trip, the jet was 
able to travel only 980 mi in 2 h. Find the speed of the jet in calm air and the 
rate of the wind. 


A rowing team rowing with the current traveled 18 mi in 2 h. Against the cur- 
rent, the team rowed a distance of 8 mi in the same amount of time. Find the 
rate of the rowing team in calm water and the rate of the current. 


A seaplane flying with the wind flew from an ocean port to a lake, a distance 
of 240 mi, in 2 h. Flying against the wind, it made the trip from the lake to 
the ocean port in 3 h. Find the rate of the plane in calm air and the rate of the 
wind. 


Rowing with the current, a canoeist paddled 14 mi in 2 h. Against the cur- 
rent, the canoeist could paddle only 10 mi in the same amount of time. Find 
the rate of the canoeist in calm water and the rate of the current. 


A Boeing Apache Longbow military helicopter traveling directly into a 
strong headwind was able to travel 450 mi in 2.5 h. The return trip, now with 
a tailwind, took 1 h 40 min. Find the speed of the helicopter in calm air and 
the rate of the wind. 


With the wind, a quarterback passes a football 140 ft in 2s. Against the wind, 
the same pass would have traveled 80 ft in 2 s. Find the rate of the pass and 
the rate of the wind. 


Business The manager of a computer software store received two ship- 
ments of software. The cost of the first shipment, which contained 12 identi- 
cal word processing programs and 10 identical spreadsheet programs, was 
$6190. The second shipment, at the same prices, contained 5 copies of the 
word processing program and 8 copies of the spreadsheet program. The cost 
of the second shipment was $3825. Find the cost for one copy of the word 
processing program. 


14, 


LS: 


16. 


17. 


18. 


19. 


20. 
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Business The manager of a discount clothing store received two shipments 
of fall clothing. The cost of the first shipment, which contained 10 identical 
sweaters and 20 identical jackets, was $800. The second shipment, at the 
same prices, contained 5 of the same sweaters and 15 of the same jackets. The 
cost of the second shipment was $550. Find the cost of one jacket. 


Business A baker purchased 12 lb of wheat flour and 15 lb of rye flour for 
a total cost of $18.30. A second purchase, at the same prices, included 15 lb of 
wheat flour and 10 Ib of rye flour. The cost of the second purchase was 
$16.75. Find the cost per pound of the wheat and rye flours. 


Consumerism A computer on-line service charges one hourly price for 
regular use but a higher hourly rate for designated “premium” areas. One 
customer was charged $28 after spending 2 h in premium areas and 9 regu- 
lar hours. Another customer spent 3 h in premium areas and 6 regular hours 
and was charged $27. What is the service charge per hour for regular and 
premium services? 


Wages Shelly Egan works as a stocker at a grocery store during her sum- 
mer vacation. She gets paid a standard hourly rate for her day hours but a 
higher hourly rate for any hours she works during the night shift. One week 
she worked 17 daylight hours and 8 nighttime hours and earned $191. The 
next week she earned $219 for a total of 12 daytime and 15 nighttime hours. 
What is the rate she is being paid for daytime hours and whats the rate for 
nighttime hours? 


Consumerism For using a computerized financial news network for 25 min 
during prime time and 35 min during non-prime time, a customer was 
charged $10.75. A second customer was charged $13.35 for using the network 
for 30 min of prime time and 45 min of non-prime time. Find the cost per 
minute for using the financial news network during prime time. 


Sports A basketball team scored 87 points in two-point baskets and three- 
point baskets. If the two-point baskets had been three-point baskets and the 
three-point baskets had been two-point baskets, the team would have scored 
93 points. Find how many two-point baskets and how many three-point bas- 
kets the team scored. 


Consumerism The employees of a hardware store ordered lunch from a 
local delicatessen. The lunch consisted of 4 turkey sandwiches and 7 orders 
of french fries, for a total cost of $23.30. The next day, the employees ordered 
5 turkey sandwiches and 5 orders of french fries totaling $25.75. What does 
the delicatessen charge for a turkey sandwich? What is the charge for an 
order of french fries? 


Coin Problems Two coin banks contain only nickels and quarters. The total 
value of the coins in the first bank is $2.90. In the second bank, there are two 
more quarters than in the first bank and twice as many nickels. The total 
value of the coins in the second bank is $3.80. Find the number of nickels and 
the number of quarters in the first bank. 
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Coin Problems Two coin banks contain only nickels and dimes. The total 
value of the coins in the first bank is $3. In the second bank, there are 4 more 
nickels than in the first bank and one-half as many dimes. The total value of 
the coins in the second bank is $2. Find the number of nickels and the num- 
ber of dimes in the first bank. 


Coin Problems The total value of the dimes and quarters in a coin bank is 
$3.30. If the quarters were dimes and the dimes were quarters, the total value 
of the coins would be $3. Find the number of dimes and the number of quar- 
ters in the bank. 


Coin Problems The total value of the nickels and dimes in a coin bank is $3. 
If the nickels were dimes and the dimes were nickels, the total value of the 
coins would be $3.75. Find the number of nickels and the number of dimes 
in the bank. 


APPLYING CONCEPTS 6.4 


2D. 


26. 


2h. 


28. 


29. 


30. 


Geometry Two angles are supplementary. The larger angle is 15° more than 
twice the measure of the smaller angle. Find the measure of the two angles. 
(Supplementary angles are two angles whose sum is 180°.) 


Geometry Two angles are complementary. The larger angle is four times 
the measure of the smaller angle. Find the measure of the two angles. (Com- 
plementary angles are two angles whose sum is 90°.) 


Investments An investment club placed a portion of its funds in a 9% 
annual simple interest account and the remainder in an 8% annual simple 
interest account. The amount of interest earned for one year was $860. If the 
amounts placed in each account had been reversed, the interest earned 
would have been $840. How much was invested in each account? 


Investments An investor has $5000 to invest in two accounts. The first 
account earns 8% annual simple interest, and the second account earns 10% 
annual simple interest. How much money should be invested in each 
account so that the annual interest earned is $600? 


Coin Problems The value of the nickels and dimes in a coin bank is $.25. If 
the number of nickels and the number of dimes were doubled, the value of 
the coins would be $.50. How many nickels and how many dimes are in the 
bank? 


Coin Problems A coin bank contains nickels and dimes, but there are no 
more than 27 coins. The value of the coins is $2.10. How many different com- 
binations of nickels and/or dimes could be in the bank? 
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31. Y The coin and stamp problems in the chapter on “Solving Equations and 
Inequalities: Applications” can be solved using a system of equations. 
For example, look at the first problem in the section on coin and stamp prob- 
lems in the chapter. Let q represent the number of quarters in the bank, and 
let d represent the number of dimes. There is a total of 9 coins, so Gat 0 9. 
The total value of the money in the bank is $1.20, so we can write the equa- 

tion 25q + 10d = 120. The solution of the system of equations 


g+d=9 
25q + 10d = 120 


is (2, 7), so there are 2 quarters and 7 dimes in the bank. Explain how to use 
a system of equations to solve the investment problems in the chapter on 
“Solving Equations and Inequalities: Applications.” You might use the first 
problem in the section on investment problems in that chapter as a basis for 
your explanation. 
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LOOK CLOSELY 


This table contains the factor 
432 = 2' - 3° which is not a 
proper factor. 


Using a Table and Searching for a Pattern 


Consider the numbers 10, 12, and 28 and the sum of the proper factors (the nat- 
ural-number factors less than the number) of those numbers. 


AQ tar 2) i= 6. 2 PO Se Ae 6 = 16. 263 2a eee ee 


10 is called a deficient number because the sum of its proper factors is less than the 
number (8 < 10). 12 is called an abundant number because the sum of its proper fac- 
tors is greater than the number (16 > 12), and 28 is called a perfect number because 
the sum of its proper divisors equals the number (28 = 28). 


Our goal for this “Focus on Problem Solving” is to try to find a method that will 
determine whether a number is deficient, abundant, or perfect without having to 
first find all the factors and then add them up. We will use a table and search for 
a pattern. 


Before we begin, recall that a prime number is a number greater than 1 whose only 
factors are itself and 1 and that each natural number greater than 1 has a unique 
prime factorization. For instance, the prime factorization of 36 is given by 
36 = 2? - 3. Note that the proper factors of 36 (1, 2, 3, 4, 6, 9, 12, 18) can be repre- 
sented in terms of the same prime numbers. 


1 = 2-00 = 2" 3 = 3) 4=2),, 6-253, G= 3 12=2-3 18=2-+3' 


Now let us consider a trial problem of determining whether 432 is deficient, abun- 
dant, or perfect. 








We write the prime factorization of 1 aoe Tee 
432 as 2’ - 3° and place the factors of 2 28 2S ao, 
432 in a table as shown at the right. De DE Bt 
This table contains all the factors of DOGS 9 a 28a One, 
432 represented in terms of the prime etic gpOre 2 cise vie 2 on 
number factors. The sum of each col- Sui aaa 8 9948 G2.) Ble ae 


umn is shown at the bottom. 


Here is the calculation of the sum for the column headed by 1 : 3. 
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Pio Bry Dh Ber DE Bs DanB0t iB aA 4D h2ee02)) Se SNS) 
For the column headed by 1 - 3’ there is a similar situation. 
13242-3924 22-32 429-324 22-2= (142427 +2) + 243? = 31(3’) 
The sum of all the factors (including 432) is the sum of the last row. 


Sumof — 31 + 31-3+31-3? + 31-3? =31(1 +3 + 3° + 3°) = 31(40) = 1240 


all factors 


To find the sum of the proper factors, we must subtract 432 from 1240; we get 808 
(see “Look Closely” on the previous page). Thus 432 is abundant. 


We now look for some pattern for the sum of all the factors. Note that 


Sum of left 1+2+274+22+2*= =1+3+3°+3° Sumof 
column top row 


31(40) = 1240 


This suggests that the sum of the proper factors can be found by finding the sum 
of all the prime power factors for each prime, multiplying those numbers, and 
then subtracting the original number. Although we have not proved this for all 
cases, it is a true statement. 


For instance, to find the sum of the proper factors of 3240, first find the prime 
factorization. 
3240 = 2° - 3*-5 


Now find the following sums: 

1 2 a ee Be ond 1+5=6 
The sum of the proper factors = (15)(121)6 — 3240 = 7650. 3240 is abundant. 
Determine whether the number is deficient, abundant, or perfect. 


1. 200 2. ol25 3. 8128 4. 10,000 
5. Is a prime number deficient, abundant, or perfect? 


'rojects and Group Activities 


Find a Pattern 


The “Focus on Problem Solving” involved finding the sum of 1 + 3 + 3? and 
1 + 2 + 2’ + 2°. For sums that contain a larger number of terms, it may be diffi- 
cult or time-consuming to try to evaluate the sum. Perhaps there is a pattern for 
these sums that can be used to calculate them without having to evaluate each 
exponential expression and then add the results. 


Look at the following from the calculation of the sum of the factors of 3240. 


14+24+24+2%=14+2+4+8=15 
2 = be? spl 

Da eee 
1434+37°+3° + 38'=14+3+9427+81=121 


SR Se Aaa a ee 
oem 2 Due rene 








=—=16="P= 15 
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Consider another sum of this type. 


1+7+7+7P4+7+7=14+7+4 49 + 343 + 2401 + 16,807 = 19,608 
Faia 87° OVA 6O49° SO" 117-648 





7st ease trietiNpGs, uBe Mie ZEXONT LOO 
On the basis of the examples shown above, make a conjecture as to the value 
of l+n+n’*> +n? +n‘ +--+» +n", where n and k are natural numbers greater 
than 1. 


Solving a System of Equations with a Scientific Calculator 


By using the addition method, it is possible to solve the system of equations 








ax + by =c 
dx + ey=f 
The solution is 
Ce oh. _ af —cd - 
X= Top aNd «y= 7S Where ae — bd #0 


Using this solution, a system of two equations in two variables can be solved with 
a calculator. It is helpful to observe that the denominators of both expressions are 
identical. The calculation for the denominator is done first and then stored in the 
calculator’s memory. If the value of the denominator is zero, the system of equa- 
tions is dependent or inconsistent, and this calculator method cannot be used. 


™® Solve: 2x — 5y =9 
AX at oy = 2 


Make a list of the values of a, b, c, d, e, and f. 
a=2 b=-5 c=9 
d=4 e=3 f= 2 


Calculate the denominator 2 3 sea 5 4 Fa [mJ 


D = ae = bd. 
Find x. Replace the 


6 cath soon! 4) ,LX 13 [eal & 7] [Pe] 2 [at | {I 
ae — bd 
by their values. 


Find y. Replace th 
ind y ee fe}2 [x] 2 [=] 9 fe] 4 2] 7 [ae] [=] 


variables in y = 


variables in x = 
The result should be approximately 1.423077. 





Aig The result should be approximately —1.230769. 
by their values. 


The approximate solution is the ordered pair (1.423077, — 1.230769). The result 
is an approximation because the calculator display is an approximation to the 
exact result. & 


1Some calculators use STO to store a result and use RCL to recall the result. 
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Solve by using a scientific calculator. 


DS 29x Aly = 2384 De D7 Xl ye OU 
0.34% =,0.17y = 0.1 AO = 92 = 315.8 
7 
3 y=ix-4 4A.y=agxt2 
Z 
ei auen ae eo 3 


5. Use the addition method to show that the solution of the system of equations 


ax + by=c., } Wie ah Deane e 
eet en ee eid we a bg’ Where ae — bd # 0. 








and y = 





Solving a System of Equations with a Graphing Calculator 


A graphing calculator can also be used to approximate the solution of a system of 
equations in two variables. Graph each equation of the system of equations, and 
then approximate the coordinates of the point of intersection. The process by 
which you approximate the solution depends on the model of calculator you 
have. In all cases, however, you must first solve each equation in the system of 
equations for y. 


= Solve: 2x — 5y = 9 


4x + 3y = 2 
Solve each equation for y. 
Cia ee 4x + By =2 
SOU a) OY ="—40 4.2 
2 9 4 2 
y= 5X5 y=—3xt, 


TI-83 Press [Y=]. Enter one equation as Y1 and the other equation as Y2. Press 
GRAPH! The intersection point must be shown in the viewing window. If it is 

not shown, adjust the viewing window. Press CALC 5 [ENTER] [ENTER 
ENTER], 


The point of intersection will show on the bottom of the screen as 
Kiba 69er Y = —W230769, 


Sharp EL-9600 Press [Y=]. Enter one equation as Y1 and the other equation as 
Y2. Press [GRAPH]. The point of intersection must be shown on the display. If it 
is not shown, adjust the viewing window. Press CAL G2 


The point of intersection will show on the bottom of the screen as 
X = 1.4230769 Y = —1.230769: 


Casio CFX 9850 Press 5. Enter one equation as Y1 and the other equa- 
tion as Y2. Press [F& |. The intersection point must be shown in the viewing win- 
dow. If it is not shown, adjust the viewing window. Press SHIFT] G-SOLV [FS], 
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The point of intersection will show on the bottom of the screen as 
X= 1.4230769. Y= = 1.230769: 


Each of these calculators has a built-in method of solving a system of equations. 
For calculators without those methods, use the ZOOM and TRACE features of 
the calculator. Graph the two equations and then use the arrow keys to place 
the cursor near the intersection point. Then ZOOM in on the point of intersec- 
tion, and use TRACE to determine the approximate coordinates. Each time you 
ZOOM in on the point of intersection, the solution of the system of equations 
becomes more accurate (up to the limits of the calculator). 


Solve by using a graphing calculator. 


1a Oy = 8 Zo ieee ae 
Ovni ye 7 To OY al 

See sOy. 2 4.x°= 2y — 95 
tf As 2. aoe 





i) hapter Summary 





Key Words 
Equations considered together are called a system of equations. An example of a system of equations is 
(Objective 6.1.1) dy ey 

ear 
A solution of a system of equations in two variables is an ordered The solution of the system of equations 
pair that is a solution of each equation of the system. shown above is the ordered pair (1, 2) 
(Objective 6.1.1) because it is a solution of each equation in 


the system. 


y 


An independent system of equations has one solution. The graphs 
of the equations in an independent system of linear equations 
intersect at one point. (Objective 6.1.1) 





An inconsistent system of equations has no solution. The graphs 
of the equations in an inconsistent system of linear equations 
are parallel lines. If, when you are solving a system of equa- 
tions algebraically, the variable is eliminated and the result is a x 
false equation, such as —3 = 8, the system is inconsistent. 

(Objective 6.1.1/6.2.1/6.3.1) 
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A dependent system of equations has an infinite number of solu- 
tions. The graphs of the equations in a dependent system of 
linear equations represent the same line. If, when you are solv- 
ing a system of equations algebraically, the variable is elimi- 
nated and the result is a true equation, such as 1 = 1, the 
system is dependent. (Objective 6.1.1/6.2.1/6.3.1) 


Essential Rules and Procedures 


To solve a system of linear equations in two variables by 
graphing, graph each equation on the same coordinate system. 
If the lines graphed intersect at one point, the point of inter- 
section is the ordered pair that is a solution of the system. If the 
lines graphed are parallel, the system is inconsistent. If the 
lines represent the same line, the system is dependent. 
(Objective 6.1.1) 


To solve a system of linear equations by the substitution 
method, one variable must be written in terms of the other 
variable. (Objective 6.2.1) 


To solve a system of linear equations by the addition 
method, use the Multiplication Property of Equations to 
rewrite one or both of the equations so that the coefficients of 
one variable are opposites. Then add the two equations and 
solve for the variables. (Objective 6.3.1) 


Solve by graphing: x + 2y = 4 
2x ey =I 





The solution is (—2, 3). 
Solve by substitution: 2x -y=5 (1) 


at = Oe) 
Ok AY 355 > Solve equation (2) 
Yi =5xN sD for y. 
Zk er > Substitute for y in 


2X = 3X) 5 
Dee oe Bie = 5 == 5 


equation (1). 


5x = 10 
NaI. 
Y= Se > Substitute the value 
y = -3(2) +5 of x to find y. 


Yea 
The solution is (2, —1). 
Solve by the addition method: 


ox ty =4° (1) 

x+y=6 (2) 
3x +y =4 sis 
—x'—"y ="=6.-__ > Multiply both sides of 


equation (2) by —1. 


2x = —2 > Add the two equations. 
x=-1  »P Solve for x 
6 > Substitute the value of x 
-1+y=6 to find y. 
Y= 7, 


The solution is (—1, 7). 


11. 


13. 


15. 


7s 


19: 


ZA; 


23. 


25. 


27. 
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_hapter Review Exercises 





Solve by substitution: 4x + 7y = 3 
ce Via 


Solve by the addition method: 3x + 8y = —1 
area ae 


Solve by graphing: x + y = 2 
i =.) 


Solve by substitution: —2x + y = —4 
Meeyorty | 


Solve by the addition method: 5x — 15y = 30 
2x erabyi= 0 


Solve by the addition method: 7x — 2y = 0 
233 haps ll 


Is (-1, —3) a solution of the system 
5x + 4y = —-17 


2X = y= 12 
Solve by the addition method: 5x + 2y = —9 
12 ye 
Solve by the addition method: 
Bete 7 = 21 
ZUG 20Y = 63 


Solve by graphing: 4x — 2y = 8 
Y= 2x4 


Solve by the addition method: 11x — 2y = 4 
25x — 4y = 2 


Solve by graphing: y= —ix aco 
26 
Solve by substitution: 6x + 5y = —2 

Yo 2x 22 


Solve by the addition method: 6x — 18y = 7 
Ox 2A = 2 


10. 


a2. 


14. 


16. 


18. 


20. 


22: 


24. 


26. 


28. 


Solve by graphing: 3x + y =3 
i oe 2 


Solve by substitution: 8x — y = 2 
Ye Otetae 


Solve by the addition method: 4x —- y =9 
2 OY iS 


Solve by the addition method: 
Sia) S25 
32x 4 = 100 


Solve by graphing: 3x — y = 6 
Vita 


Solve by substitution: x — 5y = 4 
yY=xir-A4 
Solve by the addition method: 
Ox 14 =2—3 
12 stlOy sisdld 


Solve by graphing: x — 3y = 12 
2 


Solve by substitution: 9x + 12y = —1 
nigrdy SIA 


Solve by the addition method: 


Oita 2 
Oxo Yio 
Solve by substitution: 4x + 3y = 12 
y= ~Fx + 4 
Solve by the addition method: 2x—y=5 
1Oxt toy — 20 


Is (—2, 0) a solution of the system 
x GH Qyiass2. 
6x Ay 22 


Solve by substitution: 12x — 9y = 18 


=e 
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39. 


40. 


41. 


42. 


43. 


44. 


45. 
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Solve by substitution: 9x — y = —3 
lsxaiy =O 


30. Solve by graphing: x + 2y = 3 


y=-5xt1 


Solve by the addition method: 7x — 9y = 9 32. Solve by substitution: 7x + 3y = —16 


Sie 


Solve by substitution: 5x — 3y = 6 
yom 2 


x= 2y = 5 


34. Solve by the addition method: 6x + y= 12 


9x + 2y = 18 


Solve by the addition method: 5x + 12y = 4 36. Solve by substitution: 6x — y = 0 


XJ Oy =28 


Flying with the wind, a plane can travel 800 mi in 4 h. Against the wind, the 
plane requires 5 h to fly the same distance. Find the rate of the plane in calm 
air and the rate of the wind. 


Admission to a movie theater is $7 for adults and $5 for children. If the 
receipts from 200 tickets were $1120, how many adults’ tickets and how 
many children’s tickets were sold? 


A canoeist traveling with the current traveled the 30 mi between two river- 
side campsites in 3 h. The return trip took 5 h. Find the rate of the canoeist in 
still water and the rate of the current. 


A small wood carving company mailed 190 advertisements, some requiring 
33¢ in postage and others requiring 55¢ in postage. If the total cost for the 
mailings was $75.90, how many mailings that required 33¢ were sent? 


A boat traveling with the current went 48 km in 3 h. Against the current, the 
boat traveled 24 km in 2 h. Find the rate of the boat in calm water and the 
rate of the current. 


A music shop sells some compact discs for $15 and some for $10. A customer 
spent $120 on 10 compact discs. How many at each price did the customer 
purchase? 


With a tailwind, a flight crew flew 420 km in 3 h. Flying against the tailwind, 
the crew flew 440 km in 4 h. Find the rate of the plane in calm air and the rate 
of the wind. 


A paddle boat can travel 4 mi downstream in 1 h. Paddling upstream, against 
the current, the paddle boat traveled 2 mi in 1 h. Find the rate of the boat in 
calm water and the rate of the current. 


A silo contains a mixture of lentils and corn. If 50 bushels of lentils were 
added to this mixture, there would be twice as many bushels of lentils as 
corn. If 150 bushels of corn were added to the original mixture, there would 
be the same amount of corn as lentils. How many bushels of each are in 
the silo? 


Xe Voi i 


46. 


47. 


48. 


49, 


50. 


11. 


13. 


15. 
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Flying with the wind, a small plane flew 360 mi in 3 h. Against the wind, the 
plane took 4h to fly the same distance. Find the rate of the plane in calm air 
and the rate of the wind. 


A coin purse contains 80¢ in nickels and dimes. If there are 12 coins in all, 
how many dimes are in the coin purse? 


A pilot flying with the wind flew 2100 mi from one city to another in 6 h. The 
return trip against the wind took 7 h. Find the rate of the plane in calm air 
and the rate of the wind. 


An investor buys 1500 shares of stock, some costing $6 per share and the rest 
costing $25 per share. If the total cost of the stock is $12,800, how many 
shares of each did the investor buy? 


Rowing with the wind, a sculling team went 24 mi in 2 h. Rowing against the 
current, the team went 18 mi in 3h. Find the rate of the sculling team in calm 
water and the rate of the current. 
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Solve by substitution: 4x — y = 11 2. Solve by the addition method: 4x + 3y = 11 
Y= 2% — 9 Sag OU 
Is (—2, 3) a solution of the system 4. Solve by substitution: x=2y+3 
Zio oy ae Sy Wy td 
(als a Pi de 
Solve by the addition method: 2x — 5y = 6 6. Solve by graphing: 3x + 2y = 6 
A oye t 5x + 2y =2 
Solve by substitution: 4x + 2y = 3 8. Solve by substitution: 3x + 5y = 1 
y= =2x + 1 2X ies) 
Solve by the addition method: 7x + 3y = 11 10. Solve by substitution: 3x — 5y = 13 
2x Oy = 9 x Oya 
Solve by the addition method: 5x + 6y = —7 12. Is (2, 1) a solution of the system 3x — 2y = 8 
Bx 4y=—5 Aaeay = 3? 
Solve by substitution: 3x — y =5 14. Solve by the addition method: 3x + 2y = 2 
y= 2x —3 Ske cy aaa 4s 
Solve by graphing: 3x + 2y = 6 16. Solve by substitution: x=3y+1 
3x — 2y = 6 2x + 5y = 13 
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23. 


24. 


25; 
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Solve by the addition method: 5x + 4y = 7 
SXte Qy= 13 


Solve by substitution: 4x — 3y = 1 
2X +y =3 


Solve by substitution: 3x — 5y = —23 
a ly = —4 


18. Solve by graphing: 3x + 6y = 2 


1 1 
Yt eg 


20. Solve by the addition method: 5x — 3y = 29 


ENE Ya 


22. Solve by the addition method: 9x — 2y = 17 


DRS OY ea 


With the wind, a plane flies 240 mi in 2 h. Against the wind, the plane 
requires 3 h to fly the same distance. Find the rate of the plane in calm air and 


the rate of the wind. 


With the current, a motorboat can travel 48 mi in 3 h. Against the current, the 
boat requires 4 h to travel the same distance. Find the rate of the boat in calm 


water and the rate of the current. 


Two coin banks contain only dimes and nickels. In the first bank, the total 
value of the coins is $5.50. In the second bank, there are one-half as many 
dimes as in the first bank and 10 fewer nickels. The total value of the coins in 
the second bank is $3. Find the number of dimes and the number of nickels 


in the first bank. 


umulative Review Exercises 





Given A = {—8, —4, 0}, which elements of set A 
are less than or equal to —4? 


Simplitys 227 —10)r a4: 


a — 





Evaluate when a = 4 andb = —2. 
Solve: 4:°— 3(2 = 3x) = 7x —9 

solve: =7x. = 51> 14x. +. 50 

What percent of 50 is 12? 


Find the slope of the line that contains the points 
whose coordinates are (2, —3) and (—3, 4). 


Graph: 3x — 2y = 6 


10. 


12: 


14. 


16. 


Use the roster method to write the set of posi- 
tive integers less than or equal to 10. 


Simplify: 2[5¢ — 32 — 5a) = 8] 

Solve: =x = : 

Solve: 3[2.— 4(« + 1)].— 6x —2 

Solve: 5 + 24x +1)=13 

Find the x- and y-intercepts of 3x — 6y =—i2 


Find the equation of the line that contains the 
point whose coordinates are (—2, 3) and has 


slope =e 
> 


Graph: y = 5x to, 


17. 


Py: 


24; 


23s 


oe 


26. 


Dike 


Graph the solution set of y > —3x + 4. 


Find the domain and range of the relation 
{(—5, 5); (0, 5), (1, 5), (5, 5)}. Is the relation a 
function? 


Is (2, 0) a solution of the system 5x — 3y = 10 
4x + 7y = 8? 


Solve by graphing: 2x + 3y = 6 
on ty = 2 


18. 


20. 


22. 


24. 
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Graph: f(x) = “e Fd 


Evaluate f(x) = —2x — 5atx = —4. 


Solve by substitution: 2x — 3y = —7 
x + 4y = 2 


Solve by the addition method: 5x — 2y = 8 
4x + 3y = 11 


Find the range of the function given by the equation f(x) = 5x — 2 if the 


domain is {—4, —2, 0, 2, 4}. 


A business manager has determined that the cost per unit for a camera is $90 
and that the fixed costs per month are $3500. Find the number of cameras 
produced during a month in which the total cost was $21,500. Use the equa- 
tion T= U- N + F, where T is the total cost, U is the cost per unit, N is the 


number of units produced, and F is the fixed cost. 


A total of $8750 is invested in two simple interest accounts. On one account, 
the annual simple interest rate is 9.6%. On the second account, the annual 
simple interest rate is 7.2%. How much should be invested in each account 


so that both accounts earn the same amount of interest? 
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28. 


29. 


30. 
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Flying with the wind, a plane can fly 570 mi in 3 h. Flying against the wind, 
it takes the same amount of time to fly 390 mi. Find the rate of the plane in 
calm air and the rate of the wind. 


With the current, a motorboat can travel 24 mi in 2 h. Against the current, the 
boat requires 3 h to travel the same distance. Find the rate of the boat in calm 
water. 


Two coin banks contain only dimes and nickels. In the first bank, the total 
value of the coins is $5.25. In the second bank, there are one-half as many 
dimes as in the first bank and 15 fewer nickels. The total value of the coins in 
the second bank is $2.50. Find the number of dimes in the first bank. 





Astronomers use mathematics and 
physics to explore the nature of our 
universe. Theories pertaining to the 
universe are represented as 
mathematical equations. Astronomers 
analyze these theories using computers 
and data collected from observations of 
objects in space. Among the 
mathematical concepts that an 
astronomer must know is scientific 
notation, which is presented in Section 
4 of this chapter. 


Polynomials 


Tia 
TAZ 
Tidal 
712k 
Tt 
Lone 
Loo 
7.3.4 
7.3.9 
7.4.1 
74.2 
7.4.3 
74.4 


OBJECTIVES 


Add polynomials 

Subtract polynomials 

Multiply monomials 

Simplify powers of monomials 
Multiply a polynomial by a monomial 
Multiply two polynomials 

Multiply two binomials 

Multiply binomials that have special products 
Application problems 

Integer exponents 

Scientific notation 

Divide a polynomial by a monomial 
Divide polynomials 
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Early Egyptian Arithmetic 
Operations | 





The early Egyptian arithmetic processes are recorded on the Rhind Papyrus, : 
but the underlying principles are not included. Scholars of today can oy 
a how 7 early developments were discovered. 


Egyptian hieroglyphics used a base-10 system of numbers in 
which a vertical line represented 1; a heel bone, N, tepresented 
10; and a scroll, y represented 100. 


Ihe bee shown below represent the number 237. There 
_are 7 vertical lines, 3 heel bones, and 2 scrolls. Thus the 
symbols et 7 + 30 7 200, or 237. 


| | | 
Il 
Addition in hieroglyphic notation does not require 
memorization of addition facts. Addition is done just by 
counting symbols. 


ANN99 


The top example shown at the left shows that addition is a 
simple grouping operation. Write down the total of each kind 
_ of symbol. Then group 10 straight lines into one heel bone. 


Subtraction in the hieroglyphic system is similar to making 
_ change. For example, what change do you get froma $1.00 bill 
when buying a $.55 item? 


In the bottom example shown at the left, 5 cannot be 
subtracted from 3, so a 10 is “borrowed,” and 10 ones are 
added. 


Note that no zero is provided i in this number system. That 
place value symbol is just not used. As shown at the left, the 
heel bone is not used when writing 208 because there are no 
10° Ss necessary in 208. 
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SVE eC TL’ O'N’ 7.1 


Addition and Subtraction of 
Polynomials 


roa 
a 


BH Add polynomials (3) 


A monomial is a number, a variable, or a product of numbers and variables. For 


instance, 
2 
7 b 34 12 ay 
A number A variable A product of a A product of a 
number and a variable number and variables 


The expression 3x is not a monomial because Vx cannot be written as a prod- 
: rei : nee ; 
uct of variables. The expression pis not a monomial because it is a quotient of 


variables. 


A polynomial is a variable expression in which the terms are monomials. 


A polynomial of one term is a monomial. —7x* is a monomial. 
A polynomial of two terms is a binomial. 4x + 2 is a binomial. 
A polynomial of three terms is a trinomial. 7x” + ox = 7 isa teinomial, 
The terms of a polynomial in one variable are usu- Be oe ON ee 


ally arranged so that the exponents of the variable 
decrease from left to right. This is called descend- 
ing order. 


5y* — 2y? + y? — 7y + 8 


The degree of a polynomial in one variable is its largest exponent. The degree of 
4x> — 3x? + 6x — 1 is 3. The degree of 5y* — 2y*? + y? — 7y + 8is 4. 


Polynomials can be added, using either a vertical or a horizontal format, by com- 


bining like terms. 


Example 1) Adds Qi ie al) Cx’ Ayo) 
Use a vertical format. 


Solution 2x? +x—-—1 >» Arrange the terms of each polynomial in 
3x3 + Ax? a descending order with like terms in the same 
column. 


3x3 + 6x? + x — 6  » Combine the terms in each column. 


Problem 1 Add: (2x7 + 4x — 3) + (5x? — 6x) 
Use a vertical format. 





Solution See page S15. 
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Example 2 Add: (3x3 — 7x + 2) + (7x? + 2x — 7) 
Use a horizontal format. 
Solution (3x? — 7x + 2) + (7x? + 2x — 7) > Use the Commutative 
= 3x9 + 7x? + (—7x + 2x) + (2 — 7) and Associative Prop- 
erties of Addition to 
rearrange and group 
like terms. 
= 3x° + 7x* — 5x —5 > Combine like terms, and 
write the polynomial in 
descending order. 
Problem 2 Add: (—4x? — 3xy + 2y*) + (3x? — 4y’) 
Use a horizontal format. 
Solution See page S15. 
Se [a] 
Subtract polynomials ca) | 
LOOK CLOSELY The opposite of the polynomial x* — 2x + 3 is —(x* — 2x + 3). 
The opposite of a polynomial © To simplify the opposite of a polynomial, (X= Dx eB) a We tare eee 


is the polynomial with the 
sign of every term changed. 


remove the parentheses and change the 
sign of every term inside the parentheses. 


Polynomials can be subtracted using either a vertical or a horizontal format. To 
subtract, add the opposite of the second polynomial to the first. 


Example 3 


Solution 


Problem 3 


Solution 


Example 4 


Solution 


Problem 4 


Solution 


Subtract: (—3x? — 7) — (—8x? + 3x — 4) 
Use a vertical format. 


The opposite of —8x? + 3x — 4 is 8x? — 3x + 4. 


apie — 7 > Write the terms of each polynomial in descending 
oy ee order with like terms in the same column. 


5x* — 3x — 3. >» Combine the terms in each column. 


Subtract: (8y7'— 4xy + x)= Qy? —xy + 5x) 
Use a vertical format. 


See page S15. 


Subtract: (5x? — 3x + 4) — (—3x° — 2x + 8) 
Use a horizontal format. 


(5x? — 3x + 4) — (—3x° — 2x + 8) 
= (5x* — 3x + 4) + (x° + 2x — 8) > Rewrite subtraction as 
= 379 + 5x? + (—3x + 2x) + (4 - 8) addition of the opposite. 
= 3x2 + 5x? -x-4 > Combine like terms. 
Write the polynomial in 
descending order. 


Subtract: (—3a* — 4a + 2) — (5a° + 2a — 6) 
Use a horizontal format. 


See page S15. 
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CONCEPT REVIEW 7.1 


Determine whether the statement is always true, sometimes true, or never true. 


1. The terms of a polynomial are monomials. 

2. The polynomial 5x° + 4x° + 3x + 2 is written in descending order. 

3. The degree of the polynomial 7x* — 8x + 1 is 3. 

4, Like terms have the same coefficient and the same variable part. 

5. The opposite of the polynomial ax* — bx? + cx + dis —ax* + bx* — cx — d. 


6. Subtraction is addition of the opposite. 





EXERCISES 7.1 


Hf State whether the polynomial is a monomial, a binomial, or a trinomial. 


18x xe 2 Ag- be Sabi 10 Be ie 


State whether or not the expression is a monomial. 


4. 3Vx 5. 6. x2y? 
State whether or not the expression is a polynomial. 


es 1 1 1 V5 
= = .— ate ON aN AS 
We 5% + 5% 8 eae 


10. VA In your own words, explain the terms monomial, binomial, trinomial, and 
polynomial. Give an example of each. 


Add. Use a vertical format. 


11. (x? + 7x) + (—3x? — 4x) 12 6y = 2y) ar, Gy + oy) 

13. (y? + 4y) + (—4y — 8) 14. (Bx? + 9x) + (6x — 24) 

15-0 (2x2 6x 4:12) + Gx +a 8) 16. (x? +x +5) + Gx? — 10x + 4) 
17 a 4) Ox? 110) 18. (y? + y? + 1) + (-4y? — 6y — 3) 


19. (2a° — 7a + 1) + (—3a? — 4a + 1) 90, 4 (57°? = 6r2 Sr)? 27 —'3) 
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Add. Use a horizontal format. 


21. (4x? + 2x) + (x? + 6x) 

23. (4x? — 5xy) + (8x? + 6xy — 4y?) 
25. (2a? — 7a + 10) + (a? + 4a + 7) 
27. (5x° + 7x — 7) + (10x? — 8x + 3) 
29. (2r? — 5r + 7) + Gr? — 6r) 


31. (3x? + 7x + 10) + (—2x3 + 3x + 1) 


Subtract. Use a vertical format. 


33. (x? — 6x) — (x? — 10x) 

35. (2y? — 4y) — (—y? + 2) 

37. (<* = 2x + 1) — (x? + 5x £8) 

39. (4x? + 5x + 2) — (—3x? + 2x + 1) 
41. (2y° + 6y — 2) — (y> + y? + 4) 
Subtract. Use a horizontal format. 

43. (y* — 10xy) — (2y? + 3xy) 

45. (3x + x — 3) — (x? + 4x — 2) 

BT 2 1) = (=x? 8) 
49 4a — 27 1) (a> = 2a + 3) 


51. « (4y° — y — 1) — (2y? — 3y + 3) 


APPLYING CONCEPTS 7.1 





Simplify. 
Penn Ween oe 2 | Dermal 1 
53. (24 + 5a :) & +ha+3) 


Zee 


24. 


26. 


28. 


30. 


32. 


34, 


36. 


38. 


40. 


42. 


44, 


46. 


48. 


50. 


52: 


(—3y* + y) + (4y? + 6y) 

(2x* — 4y?) + (6x? — 2xy + 4y?) 
(—6x? + 7x + 3) + (x2 + x + 3) 
(3y° + 4y + 9) + (2y? + 4y — 21) 
(3y° + 4y + 14) + (—4y? + 21) 


(7x° + 4x — 1) + (2x? — 6x + 2) 


(y? + 4y) — (y? + 10y) 

(—3a* — 2a) — (4a? — 4) 

(8x? + 2x — 2) — (5x? — 5x 4 6) 
(Sy* — y + 2) — (—2y? + 3y — 3) 


(—2x* — x +4) — (<x? 4 3y— 9) 


(x? — 3xy) — (—2x? + xy) 

Gy) — 2y +1) (= 3y7 — y— 2) 
(2x*-°5X = 3) (3r° 5) 
(b° — 8b + 7) — (4b? — 7b — 8) 


(3x? — 2x — 3) — (2x3 — 2x2 + 4) 
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Solve. 


55. 


56. 


Bie 


58. 


Bo: 


60. 


What polynomial must be added to 3x? — 4x —2 so that the sum is 
ay 1? 


What polynomial must be added to —2x° + 4x — 7 so that the sum is 
Lx — Ie 


What polynomial must be subtracted from 6x? — 4x — 2 so that the differ- 
ence ise 25? 


What polynomial must be subtracted from 2x° — x? + 4x — 2 so that the dif- 
ference is x° + 2x — 8? 


Is it possible to subtract two polynomials, each of degree 3, and have the dif- 
ference be a polynomial of degree 2? If so, give an example. If not, explain 
why not. 


Is it possible to add two polynomials, each of degree 3, and have the sum be 
a polynomial of degree 2? If so, give an example. If not, explain why not. 





CrsteeGel 1 -Q.-N “7.2 


Multiplication of Monomials 


peseenny 


Lael \ 
B® Multiply monomials CC) fe] | 


Recall that in the exponential expression x°, x is the base and 5 is the exponent. 
The exponent indicates the number of times the base occurs as a factor. 


The product of exponential expressions with the 3 factors 2 factors 
same base can be simplified by writing each xox? =(x-x- dD) (x-D) 
expression in factored form and writing the 

3 5 factors 
result with an exponent. 

= XG . Xe . X . Xe . XG 

Adding the exponents results in the same XP Ieee a? 
product. 


Rule for Multiplying Exponential Expressions 





If m and n are integers, then x” + x" = x™*". 


For example, in the expression a* : a° - a, the bases are the same. The expression 
can be simplified by adding the exponents. Recall that a = a'. 


2 6 


a--a -gq=qrteti=zg 
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LOOK CLOSELY 


The Rule for Multiplying 
Exponential Expressions 
requires that the bases be 
the same. The expression 
x°y’ cannot be simplified. 


POINT OF INTEREST 


One of the first symbolic 
representations of powers 
was given by Diophantus (ca. 
A.D. 250) in his book 
Arithmetica. He used AY for 
x? and x’ for x*. The symbol 
A* was the first two letters of 
the Greek word dunamis, - 
meaning “power”: x’ was 
from the Greek word kubos, 
meaning “cube.” He also 
combined these symbols to 
denote higher powers. For 
instance, Ax’ was the 
symbol for x°. 
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Example 1 Multiply: (2xy)(3x’y) 
Solution (2xy)(3xy) 
= (2-3)(x-x7)(y-y) » Use the Commutative and Associative 
Properties of Multiplication to rearrange 
and group factors. 
= 6x Gaye > Multiply variables with the same base 
by adding the exponents. 
= 6x°y? 
Problem 1 Multiply: @x7)(6x°) 
Solution See page S15. 
Example 2 Multiply: (2x*y)(—5xy*) 
Solution (2x*y)(—5xy*) 
= [2(—5)](x? - x)(y- y*) > Use the Properties of Multiplication to 
rearrange and group factors. 
= —10x°y° > Multiply variables with the same base 
by adding the exponents. 
Problem 2 Multiply: (—3xy’)(—4x’y’) 
Solution See page S15. 


— 
= 


(C3) fee 


(x4y??? = (xty)laty?) 


Simplify powers of monomials 


2 


A power of a monomial (y4 = x7 x 


can be simplified by rewrit- = 74242 =X ae 
ing the expression in factored = x° = (x*- x*)(y? - y’) 
form and then using the Rule ang yet 

for Multiplying Exponential =r 
Expressions. 

Note that multiplying each (X72 gee ante (xty3)? = x#2y3?2 = xby° 


exponent inside the parenthe- 
ses by the exponent outside 
the parentheses gives the 
same result. 


Rule for Simplifying Powers of Exponential Expressions 





If m and n are integers, then (x”)" = x™. 





Rule for Simplifying Powers of Products 


SS SS EY 


If m,n, and p are integers, then (x”y”)? = x™Py”?. 
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® Simplify: (x°)? 


Multiply the exponents. (P=? =7° @ 
© Simplify: (8a2b) 
Multiply each exponent inside the parentheses by (GAD) rao ae 
the exponent outside the parentheses. = 3°a°b° 
= 27a°b° « 


Example 3 Simplify: (—2x)(—3xy’) 


Solution (—2x)(—3xy’)° 

= (=2%)(-3) xy" > Multiply each exponent in —3xy? by the 
exponent outside the parentheses. 

= (—2x)(—27)x°y° > Simplify (—3)°. 

= [—2(—27)](x - x°)y® > Use the Properties of Multiplication to 
rearrange and group factors. 

= 5dx*y® > Multiply variables with the same base by 
adding the exponents. 


Problem 3 Simplify: (3x)(2x’y)? 
Solution See page S15. 


CONCEPT REVIEW 7.2 


Determine whether the statement is always true, sometimes true, or never true. 


1. In the expression (6x)*, x is the base and 4 is the exponent. 
2. To multiply x” - x", multiply the exponents. 


3. The expression “a power of a monomial” means the monomial is the base of 
an exponential expression. 


Ae = 
5. (4x3y°)? = 4xey™ 
6. a?-b’ =ab’ 





EXERCISES 7.2 


Be i. Explain how to multiply two exponential expressions with the same 
base. Provide an example. 


2: Y Explain how to simplify the power of an exponential expression. Pro- 
vide an example. 
Multiply. 
3. (x)(2x) 4. (—3y)(y) 5. (3x)(4x) 
6. (7y°*)(7y’) 7. (—2a°)(—3a*) 8. (5a°)(—2a°) 
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9. (x?y)(xy*) 10. 
12. (—3a°)(2a7b*) 13. 
15. (2xy)(—3x7y*) 16. 
18. (—ab’c)(a7b*) 19. 
21. (—a’b’)(a°b°) 22. 
24. (2a7b°)(—4ab’) 25, 
27. (10ab7)(—2ab) 28. 
30. (—2x?y3)(xy)(—5x2y4) 31, 
BA simplity. 

33. (27) 340G) 

37. (-27)9 38. (—2)° 
ain)? 42 Hy), 

45. (2x) 46. (3y)° 

49. (x?) SOO) 
53. (a7)(8a)° 54. 
56. (2y)(—3y*)° 57. 
59. (ab)?(ab)’ 60. 
62. (—3y)(—4x?y°)° 63. 
65. (ab’)(—2a7b)? 66. 
68. (—3b?)(2ab?)° 69. 


APPLYING CONCEPTS 7.2 


Simplify. 


Tine (Gx )\2x*)--(4x7)(Gx) 


Ni 


3. (3a7b*)(2ab) — (9ab?)(a*b) 
75. “(Oxy Gx y) = Ox Way) 
77. 4a?(2ab)> — 5b7(a°b) 


(x?y*(xy’) 
(x?y*)(x°y*) 
(—3a*b)(—2ab’) 
(a*b°)(ab’c*) 
(xy*)(—xy’) 
(—5y*z)(—8y°z°) 
(x? y)(yz) (xyz) 
(4ab)(—3a°b*)(a°b’) 


35. (-2) 
39° xc) 
43. (—x*) 
47, (—2x?)° 
51. (3xy)? 

(b°)(2a°)* 

(x?y)(x?y)? 

(x?y)°(x°y)? 

(23) (3x4) 

(a*b*)(—3ab*)? 


(—3ab)*(—2ab)° 


11. 


14. 


Le 


20. 


23. 


26. 


29. 


OZ, 


55. 


58. 


61. 


64. 


67. 


70. 


(—2x*)(5x°y) 
(a’b*)(ab’) 
(x?yz)(x?y*) 
(x?y°z)(x°y*) 
(—6a°)(a’b) 
(3x7y)(—4xy’) 
(xyz)(x?y)(z7y’) 
(3ab?)(—2abc)(4ac’) 


360) (—3) 
40. (y*) 
As xy 
48y AS 3iey 
52 G24.) 
(=20) Oa), 
(a°b) (ab)? 
(—2x)(—2x°y)? 
(—3y)(—2x?y)? 
(—2a*)(3a7b)? 


(—3ab)°(—3ab)° 


72. (2a’)(7a7) — (6a°)(5a°) 


74. (3x7 77) aye 


76. a*(ab’)? — a>(ab°)? 


78. 9X°(3x2 yee 
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29m eye yy) — 3x°(xy") 80. 5a7b(ab’)? + b3(2a7b) 
Sir aoa" 82. a") 83. (a*)" 84. a’- a” 


For Exercises 85-88, answer true or false. If the answer is false, correct the right 
side of the equation. 


85. (—a)> = —a> 86. (—b)® =} 
S7Aw(x7 Hash Sy” 88.) Ex? ttn? i? FA 2xr® 


89. Evaluate (2°) and 2°’. Are the results the same? If not, which expression has 
the larger value? 


90. What is the Order of Operations for the expression x””? 
91. Ifnisa positive integer and x" = y”, when is x = y? 


92. Geometry The length of a rectangle is 4ab. The width is 2ab. Find the 4ab 
perimeter of the rectangle in terms of ab. 
2ab 
93: The distance a rock will fall in t seconds is 16t* ft (neglecting air resis- 
tance). Find other examples of quantities that can be expressed in terms 
of an exponential expression, and explain where the expression is used. 





SebeG@ ial -OoN 3/33 
Multiplication of Polynomials 


5 etl 


BS Multiply a polynomial by a monomial (5) ee 


To multiply a polynomial by a monomial, use the Distributive Property and the 
Rule for Multiplying Exponential Expressions. 
™® Simplify: —2x(x? — 4x — 3) 
Use the Distributive Property and the Rule for Multiplying Exponential 
Expressions. 


=2x(x? = 4x — 3) = —2x(x?))= (—2x)(4x) — (—2x)G) 
—2x> + 8x* + 6x 8 


Example 1 Multiply. A. (5x +4)(-2x) — B. x°(2x? — 3x + 2) 


Solution A. (5x + 4)(—2x) 
= 5x(—2x) + 4(—2x) > Use the Distributive Property. 
= 100 8x > Use the Rule for Multiplying Expo- 
nential Expressions. 


B. x3(2x? — 3x + 2) 
SO eS Bx Dye 


Problem 1 Multiply. A. (—2y + 3)(—4y) B. —a’(3a’ + 2a — 7) 





Solution See page S15. 
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enemy 
at 


Multiply two polynomials (CC )) bee 


Multiplication of two polynomials requires the repeated application of the Dis- 
tributive Property. 


(y — 2)G/7? +:3y + 1) = (y = 20) (y= 2Gy grea 
= —2Y- Ol "Oy Payee 
= +i > Sy ~ 2 
A convenient method of multiplying two polynomials is to use a vertical format 
similar to that used for multiplication of whole numbers. 


ype iSyice 1 

Multiply each term in the trinomial by —2. Yi 

Multiply each term in the trinomial by y. Hay M hoy — 2 

Like terms must be in the same column. Vise Bese 
Add the terms in each column. Yee es 
Example 2 Multiply: (2b° — b + 1)(2b + 3) 
Solution 2b Dol 
2b 7-3 
6b° — 3b +3 >» Multiply 2b° — b + 1 by 3. 
Ab* — 2-22) > Multiply 2b — b + 1 by 2b. Arrange 


the terms in descending order. 
4b* + 6b° — 2b> — b+3 > Add the terms in each column. 
Problem 2 Multiply: (2y°? + 2y? — 3)@y — 1) 
Solution See page S15. 


Example 3 Multiply: (4a° — 5a — 2)(3a — 2) 


Solution 4a°— 5a-—2 
Olt ae 

18a" + 10a +4 >» Multiply 4a — 5a — 2 by -2. 

12a* =l0ge me Ga > Multiply 4a° — 5a — 2 by 3a. 


12a* — 8a° — 15a + 4a +4 _ > Add the terms in each column. 
Problem 3 Multiply: (3x° — 2x? + x — 3)(2x + 5) 
Solution See page S15. 
e e e boo 
Multiply two binomials Co fee 


It is often necessary to find the product of two binomials. The product can be 
found using a method called FOIL, which is based on the Distributive Property. 
The letters of FOIL stand for First, Outer, Inner, and Last. 


LOOK CLOSELY 


FOIL is not really a different 
way of multiplying. It is based 
on the Distributive Property. 


(2x + 3)(x + 5) 
= 2x(x + 5) + 3(x + 5) 
F 0 | L 


= 2x? + 10x + 3x + 15 
= 2x? + 13x + 15 
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=) Multiply: (2x.+ 3)(x + 5) 


Multiply the First terms. (2x + 3)(x + 5) 25s cis a2 
Multiply the Outer terms. (2s) (X ak) 2x -5 = 10x 
Multiply the Inner terms. (23 13) Oerarn) 3°x = 3x 
Multiply the Last terms. rere) Qo) 3°5 =15 

F O I L 
Add the products. (2x 3) (xia 5) = 2x? + 10x + 3x + 15 
Combine like terms. = 2x* + 13x + 15 e 


Example 4 Multiply: (4x — 3)@x — 2) 


Solution (4x — 3)(3x — 2) 
= 4x(3x) + 4x(—2) + (—3)(x) + (—3)(—2) >» Use the FOIL 


ee iO eee se © method. 
= 12x*- 17x +6 > Combine like 
terms. 


Problem 4 Multiply: (4y — 5)(3y — 3) 
Solution See page S15. 


Example 5 Multiply: Gx — 2y)(x + 4y) 


Solution (3x — 2y)(x + 4y) 
= 3X) ony) (=2y)) + 2yiay) > Use the FOIL 


= Bee 12 2xy = i8y2 method. 
= 3x? + 10xy — 8y* > Combine like 
terms. 


Problem 5 Multiply: Ga + 2b)@Ga — 5b) 
Solution See page S15. 


re 
RH Multiply binomials that have special (C3 
products 


The expression (4 + b)(a — b) is the product of the sum and difference of two 
terms. The first binomial in the expression is a sum; the second is a difference. The 
two terms are a and b. The first term in each binomial is 2. The second term in each 
binomial is b. 


The expression (a + b)* is the square of a binomial. The first term in the binomial 
is a. The second term in the binomial is 0. 


Using FOIL, it is possible to find a pattern for the product of the sum and differ- 
ence of two terms and for the square of a binomial. 
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The Sum and Difference of Two Terms 





(a + b)\(a — b) = a? — ab + ab — b? 
=a — be 


Square of first term Le | 
Square of second term 


The Square of a Binomial 





(a + b) = (a + ba + b) =a*+ ab +ab+ b? 
=a’+2ab+b? 


Square ol fest tera 
= 
Twice the product of the two terms 


Square of last term 





(a — b) = (a — b)(a — b) = a*— ab —ab+b? 
=a’? —2ab+b? 


Square of first term —_— | 
Twice the product of the two terms 


Square of last term 








™ Example 6 Multiply: (2x + 3)(2x — 3) 


Solution (2x + 3)(2x — 3) > (2x + 3)(2x — 3) is the product of the sum and 
: difference of two terms. 
= (27) = 33? > Square the first term. Square the second term. 
= 4x? —9 > Simplify. 


. 

| 

Problem 6 Multiply: (2a + 5c)(2a — 5c) 
L Solution See page S15. 


m Example 7 Multiply: (4c + 5d)? 


i Solution (4c + 5d)? > (4c + 5d)’ is the square of a 

i binomial. 

= (4c)’ + 2(4c)(5d) + (5d)? >» Square the first term. Find twice the 
product of the two terms. Square 
the second term. ‘ 

= 16c* + 40cd + 25d? > Simplify. 


Problem 7 Multiply: (8x + 2y)? 


SSSR US EATS A A TS 


Solution See page S15. 


Example 8 


r 
| Solution 
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Multiply: Gx — 2)? 


(Bx = 2)? > (3x — 2)’ is the square of a 
binomial. 
= (3x)? + 2(3x)(—2) + (-2)? > Square the first term. Find twice 
the product of the two terms. 
Square the last term. 


=O I A > Simplify. 
Problem 8 Multiply: (6x — y)* 
= Solution See page S15. 
Application problems (ia 


[ Example 9 


[ 


Strategy 


Solution 





Problem 9 


| Solution 


m Example 10 


Strategy 


Solution 





The radius of a circle is (x — 4) ft. Find the area 
of the circle in terms of the variable x. Leave 
the answer in terms of 7. 





To find the area, replace the variable r in the formula A = a1? 
with the given value, and solve for A. 

A= ar 

A= a(x — 4) > This is the square of a binomial. 

A = a(x? — 8x + 16) 

A = mx? — 8nx + 167 


The area is (7x? — 8ax + 167) ft?. 


The length of a rectangle is (x + 7) m. x+7 


The width is (x — 4) m. Find the area soe 
of the rectangle in terms of the vari- 
able x. 

See page S15. 


The length of a side of a square is (3x + 5) 
in. Find the area of the square in terms of the 
variable x. 


3x+5 





To find the area of the square, replace the variable s in the 
formula A = s’ with the given value and simplify. 

A=s 

A= (x + 5) > This is the square of a binomial. 

A = 9x7 + 30x + 25 


The area is (9x? + 30x + 25) in’. 
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Problem 10 


variable x. 


Solution See page S16. 


CONCEPT REVIEW 7.3 


Determine whether the statement is always true, sometimes true, or never true. 


‘i 


To multiply a monomial times a polynomial, use the Distributive Property to 
multiply each term of the polynomial by the monomial. 


. To multiply two polynomials, multiply each term of one polynomial by the 


other polynomial. 


. A binomial is a polynomial of degree 2. 

. (x + 7)(x — 7) is the product of the sum and difference of the same two terms. 
. To square a binomial means to multiply it times itself. 

. The square of a binomial is a trinomial. 

. The FOIL method is used to multiply two polynomials. 


. Using the FOIL method, the terms 3x and 5 are the “First” terms in 


(Bx) (20-7): 


EXERCISES 7.3 


a Multiply. 
1. x2) 2ebi(3s Foy) 3 
4. —y(7 — y) 5. 3a7(a — 2) 6. 
7. —bx7(x? = x) 8.) is 6y7(yt 2y?) 9. 
10 (oy uy) 1 2x6x7 3x) 12: 
ibe Ohne" obs 1. (Qrernyy 15. 
16-0 VOW 1) 17. x(2x° — 3x + 2) 18. 
19. —a(—2a? — 3a — 2) 20. —b(5b* + 7b — 35) ot 


The base of a triangle is (x + 3) cm 
and the height is (4x — 6) cm. Find 
the area of the triangle in terms of the 





=X) 

4b’(b + 8) 
—x3(3x? — 7) 
Sy(4y — y*) 
~axy(x* — y”) 
y(—3y* — 2y + 6) 


x?(3x4 — 3x? — 2) 


22. Wily e6y 4-7) 


25. 


28. 


(a? + 3a — 4)(—2a) 


—5x7(3x? — 3x — 7) 


Multiply. 


. (x2 + 3x + 2(x + 1) 

. (a— 3)(a? — 3a + 4) 

. (—2b7 — 3b + 4) — 5) 
(Gx = 5) 27 Zx°— 2) 
mele oN 2) — 4) 


Cy soy + 8y — 2) 


(5a° — 15a + 2)(a — 4) 


ee) ha ey ay 1) 


Multiply. 


47. 


50. 


(x + 1) + 3) 


(b — 6)(b + 3) 


ORG Tye) 
{6 Gi2)oych)) 
(axe "3x 7) 
. Gy - Ay +5) 


. (7a — 16)(3a — 5) 


(x + y)(2x + y) 


. (2a — b)Ba + 2b) 


(Bx = 7y)(ax + 5y) 


. (3a — 2b)(2a — 7b) 


. (2a + 5b)(7a — 2b) 


26. 


29. 


48. 


51. 


54. 


O75 


60. 


63. 


66. 


69. 


doe 


oe 


78. 


81. 


“ P2yalsy ey rt) 
(b> — 2b + 2)(—5b) 


raion = Chalpean lp) 


OZ; 
34. 
36. 
38. 
40. 
42. 
44. 


46. 
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24 SAXCx> S26) 
27S —2y ray — 2) 


30. ab(2a — 4ab — 6b’) 


(Ota ed) 
(2x = 3)(x? —3x + 5) 
(—a? + 3a — 2)(2a — 1) 
(2a — 1)(—a* — 2a + 3) 
(yor 4y — 8)(2y — 1) 
(4y —s)(Gy" + 3y — 9) 
(3b° — 5b? + 7)(6b — 1) 


(2a — 3)(2a° — 3a” + 2a — 1) 
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(y+ 2) 2 5) 49. (a—3)(a +4) 

(y + 3)(y — 8) 52. (x + 10)(x — 5) 
(a — 8)(a — 9) 55. (2x + 1)(x + 7) 
(3x — 1)(x + 4) 58. (7x — 2)(x + 4) 
(2x — 3)(4x — 7) 61. (By — 8\(y + 2) 
(3x + 7)(3x + 11) 64. (5a + 6)(6a + 5) 
(5a — 12)(3a — 7) 67. (3b + 13)(5b — 6) 
(2a + b)(a + 3b) 70. Gx 4 zy) 
(5a — 3b)(2a + 4b) 73 ake yer a2y) 
(2x + 3y)(5x + 7y) 76. (5x + 3y)(7x + 2y) 
(5a — b)(7a — b) 79. (a — 9b)(2a + 7b) 
(10a — 3b)(10a — 7b) 82. (12a — 5b)(3a — 4b) 
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83. (5x + 12y)(Bx + 4y) 84. (11x + 2y)@x + 7y) 
86. (5x + 2y)(2x — 5y) 87. (8x — 3y)(7x — 5y) 
24 Multiply. 
895 (4 — Sy + 5) 90. (y + 6)(y — 6) 
92. (4x — 7)(4x + 7) 93. (x +1) 
95. (3a — 5) 96. (6x — 5) 
OS Ox — 2) O74 2) 99. (2a + b) 
101. (x — 2y) 102. (2x za3y)? 
104. (4x — 9y)(4x + 9y) 105. (5x + 2y)? 
Bi Geometry Problems 
107. The length of a rectangle is 5x ft. The width is 108. 
(2x — 7) ft. Find the area of the rectangle in 
terms of the variable x. 
5x 
Dee 
109. The width of a rectangle is (3x + 1) in. The length 110. 
of the rectangle is twice the width. Find the area 
of the rectangle in terms of the variable x. 
111. The length of a side of a square is (2x + 1) km. 12, 
Find the area of the square in terms of the vari- 
able x. 
113. The base of a triangle is 4x m and the height is 114. 
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85. 


88. 


(2x — 15y)(7x + 4y) 


(2x — 9y)(8x — 3y) 


91. (2x + 2)Cx 3) 

94. (y — 3) 

97. Or = DE? 
100. (x + 3y)’ 
103. (4 — 3y)(4 + 3y) 
106. (2a — 9b) 





(2x + 5) m. Find the area of the triangle in 
terms of the variable x. 





The width of a rectangle is (x — 6) m. The 
length is (2x + 3) m. Find the area of the rec- 
tangle in terms of the variable x. 


2x+3 


The width of a rectangle is (4x — 3) cm. The 
length of the rectangle is twice the width. Find the 
area of the rectangle in terms of the variable x. 


The length of a side of a square is (2x — 3) yd. 
Find the area of the square in terms of the vari- 
able x. 


2x —3 





The base of a triangle is (2x + 6) in. and the 
height is (x — 8) in. Find the area of the triangle 
in terms of the variable x. 
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115. The radius of a circle is (x + 4) cm. Find the 116. The radius of a circle is (x — 3) ft. Find the area 
area of the circle in terms of the variable x. of the circle in terms of the variable x. Leave 
Leave the answer in terms of 7. the answer in terms of 7. 





117. A softball diamond has dimensions 45 ft by 45 ft. A base path border x ft 
wide lies on both the first-base side and the third-base side of the diamond. 
Express the total area of the softball diamond and the base path in terms of 
the variable x. 





118. An athletic field has dimensions 30 yd by 100 yd. An end zone that is w 100 w 
w yards wide borders each end of the field. Express the total area of the field 
and the end zones in terms of the variable w. 





APPLYING CONCEPTS 7.3 


Simplify. 

119. @+bYr—(a-by 120, exQcmisy) aie OY) Oakey) 
121. (3a — 4a + 2) 122. (x +4) 

123. 3x2(2x° + 4x — 1) — 6x°(x? — 2) 124. (3b + 2)(b — 6) + (4 + 2b) — b) 
255k (eal) 1261) (Lo 11) 

V7 1) + 1) 128. (x" — 1)? 

129. («x +D~-1) 130. (x + 1)(—x? +x — 1) 

131e ee lye? = ix — 1) 132. (x + 1)(—x*+x° -x?+x-1) 


Use the pattern of the answers to Exercises 129-132 to write the product. 


Ino = A a) 134 Nia ctl) ecaety ek to a) 
Solve. 

135. Find (4n’)* if 2n — 3 = 4n — 7. 

136. What polynomial has quotient x* + 2x — 1 when divided by x + 3? 


137. What polynomial has quotient 3x — 4 when divided by 4x + OY 
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138. Subtract 4x? — x — 5 from the product of x? + x + 3and x — 4. 


139. Add x* + 2x — 3 to the product of 2x — 5 and 3x + 1. 


140. Ifa polynomial of degree 3 is multiplied by a polynomial of degree 2, what 
is the degree of the resulting polynomial? 


141. Is it possible to multiply a polynomial of degree 2 by a polynomial of 
degree 2 and have the product be a polynomial of degree 3? If so, give 
an example. If not, explain why not. 





S EmGer ION 7.4 


Division of Polynomials 


EE [a] 
Integer exponents Ca | 
The quotient of two exponential expressions with the See ee 
same base can be simplified by writing each expression i oe 
in factored form, dividing by the common factors, and va 


then writing the result with an exponent. 


Note that subtracting the exponents results in the same 
quotient. 


To divide two monomials with the same base, subtract the exponents of the like 
bases. 


®) Simplify: 5 


The bases are the same. Subtract the exponent in the a ps A ee 
denominator from the exponent in the numerator. a 
= Si lif r°s® 
implify: 
8.6 
Subtract the exponents of the like bases. a = 72-759") = 75° 
“a 
Recall that for any number a, a # 0, : = 1. This property is true for exponential 
4 
expressions as well. For example, for x ¥ 0, i =a 
This expression also can be simplified using the rule for ms ytd = yt 
dividing exponential expressions with the same base. x 


4 4 
x x 
pee eae EP 4-4 poe . . eae 
Because (i = 1 and aes x°, the following definition of zero as an exponent 


is used. 


POINT OF INTEREST 


In the 15th century, the 
expression 122” was used to 
mean 12x 2. The use of m 
reflected an Italian influence. 
In Italy, mwas used for minus 
and p was used for plus. It 
was understood that 2m 
referred to an unnamed 
variable. Isaac Newton, in 
the 17th century, advocated 
the current use of a negative 
exponent. 


LOOK CLOSELY 


Note from the example at the 
right that 2 ‘is a positive 
number. A negative exponent 
does not indicate a negative 
number. 


! 
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Zero as an Exponent 





If x # 0, then x° = 1. The expression 0° is not defined. 





™ Simplify: (12a°)°, a 4 0 


t 


Any nonzero expression to the zero power is 1. (27 ual 
® Simplify: —(xy‘)°, x #0, y #0 


Any nonzero expression to the zero power is 1. 
Because the negative sign is outside the parenthe- 
ses, the answer is —1. € 


= (UYC) eta) eam 


The meaning of a negative exponent can be developed by examining the quo- 


. Xe 
tient —. 
x 


RS 


The expression can be simplified by writing the 
numerator and denominator in factored form, 
dividing by the common factors, and then writing 
the result with an exponent. 


aR 
I 
a 
malas 


Now simplify the same expression by subtracting Ab = y 
the exponents of the like bases. xt 
Der 
6 x 


oe : 1 ss 
Because and 3 = x *, the expressions > and x * must be equal. The follow- 


x 
ing definition of a negative exponent is used. 


Definition of Negative Exponents 





1 
eo Xe 





1 
If 1 is a positive integer and x # 0, then x” = 5; and 





= Evaluate 274. 


Write the expression with a positive exponent. 
Then simplify. 


il 1 
—4 eee ee 
= 16 


— 


t 


Now that negative exponents have been defined, the Rule for Dividing Exponen- 
tial Expressions can be stated. 


Rule for Dividing Exponential Expressions 





If m and v are integers and x # 0, then a ma 
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Example 1 


Solution 





| 
| Problem 1 


Solution 


-3 
Write ai with a positive exponent. Then evaluate. 


=3 
= = 3°"? »3°% and 3? have the same base. Subtract the exponents. 
= Bao 
1 ess ; 
= 3 > Use the Definition of Negative Exponents to write the 
1 expression with a positive exponent. 
TVods > Evaluate. 


=e 
Write =x with a positive exponent. Then evaluate. 


See page S16. 


The rules for simplifying exponential expressions and powers of exponential 
expressions are true for all integers. These rules are restated here. 


Rules of Exponents 





If m,n, and p are integers, then 


xm xt = mtn (cy = mn (x™y")? aes amy"? 
ax x #0 x" =5,x 40 1 = 0 





An exponential expression is in simplest form when it is written with only posi- 


tive exponents. 


m> Simplify: a-7b’. 


bs 








Rewrite a’ with a positive exponent. a= s «a 
x4 6 
r Example 2 Simplify: a 
| : xy? =4= 1,629 sees 
Solution Aye ee A) > Divide variables with the same base by 
) subtracting the exponents. 
— 7-5/4 
Day 
y" 
age > Write the expression with only positive exponents. 
: ; be 
| Problem 2 Simplify: —35 


fat Solution 


See page S16. 


POINT OF INTEREST 


An electron microscope uses 
wavelengths that are 
approximately 4 - 10 '? m to 
make images of viruses. 

The human eye can detect 
wavelengths of between 
4.3-10°7mand6.9- 1077 m. 
Although these are very 
short, they are approximately 
10° times longer than the 
waves used in an electron 
microscope. 
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‘ 3 —35a°b * 
Example 3 Simplify. A. aR Be (2x) 6x7)* 
. —35a°b? 35a°b * 
Solution A. on = Soeaae > A negative sign is placed in 
front of a fraction. 
1 
- 7qo-(-2)p=2-5 
= os > Factor the coefficients. Divide 
1 by the common factors. Divide 
a yzatba. variables with the same base by 
ear subtracting the exponents. 
7a° 


> Write the expression with only 


BY ee 
positive exponents. 


B. (—2x)(3x7*)° = (—2x)-°x*) > Use the Rule for Simplifying 


Powers of Products. 








mee ; 
=e > Write the expression with posi- 
tive exponents. 
= =e > Use the Rule for Multiplying 
Exponential Expressions, and 
simplify the numerical expo- 
nential expression. 
‘ ‘ 12x ty? Sp 2\n8 
Problem 3 Simplify. A. eae B. (—3ab)(2a°b~’) 
Solution See page S16. 


(y 


Very large and very small numbers are encountered in the fields of science and engi- 
neering. For example, the charge of an electron is 0.000000000000000000160 coulomb. 
These numbers can be written more easily in scientific notation. In scientific nota- 
tion, a number is expressed as a product of two factors, one a number between 1 and 
10 and the other a power of 10. 


Scientific notation 


To change a number written in decimal notation to scientific notation, write it in 
the form a - 10", where a is a number between 1 and 10 and n is an integer. 


For numbers greater than 10, move the deci- 240,000 = 2.4 - 10° 
mal point to the right of the first digit. The i 
exponent n is positive and equal to the num- 
ber of places the decimal point has been 


moved. 


93,000,000 = 9.3 - 10’ 
Se, 


For numbers less than 1, move the decimal 
point to the right of the first nonzero digit. 
The exponent 1 is negative. The absolute 
value of the exponent is equal to the number 
of places the decimal point has been moved. 


Look at the last example above: (.0000832 = 8.32 - 10-°. Using the Definition of 
Negative Exponents, 


0.00030 = 3.0 - 1077 
Sa 


0.0000832 = 8.32 - 10° 
7 
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Because 10° = 0.00001, we can write 


8.32 - 10°° = 8.32 - 0.00001 = 0.0000832 


which is the number we started with. We have not changed the value of the num- 
ber; we have just written it in another form. 


Example 4 


Solution 


Problem 4 





i! 


L Solution 


Write the number in scientific notation. 
A. 824,300,000,000 B. 0.000000961 
A. 824,300,000,000 = 8.243: 10'' » Move the decimal point 11 


places to the left. The 
exponent on 10 is 11. 


B. 0.000000961 = 9.61 - 10°” >» Move the decimal point 7 
places to the right. The expo- 
nent on 10 is —7. 


Write the number in scientific notation. 
A. 57,000,000,000 B. 0.000000017 


See page S16. 


Changing a number written in scientific notation to decimal notation also requires 
moving the decimal point. 


When the exponent on 10 is positive, move the 3.45 - 10? = 3,450,000,000 
decimal point to the right the same number of ——__4 





places as the exponent. 2.3 + 10° = 230,000,000 
. . . Sree 

When the exponent on 10 is negative, move the deci- 8.1 - 107° = 0.0081 

mal point to the left the same number of places as the — 

absolute value of the exponent. 6.34 - 10° = 0,00000634 

Ae 

™ Example 5 Write the number in decimal notation. 

) A. 7329-10 B. 6.8 - 10" 

Solution A. 7.329 - 10° = 7,329,000 > The exponent on 10 is positive. 
Move the decimal point 6 places 
to the right. 

B. 6.8 - 107° = 0.00000000068 > The exponent on 10 is negative. 
Move the decimal point 10 
places to the left. 
Problem 5 Write the number in scientific notation. 
: A.oSetl0% noi. 420162077 
i Solution See page S16. 


The rules for multiplying and dividing with numbers in scientific notation are the 
same as those for calculating with algebraic expressions. The power of 10 corre- 
sponds to the variable, and the number between 1 and 10 corresponds to the coef- 
ficient of the variable. 
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Algebraic Expressions 


Multiplication (4x52) (2x) = 8x2 
Division oe = Dy) es Dy? 
3x 
Example 6 Multiply or divide. A. (3.0 
Solution “A. (3.0 =10°)(1.1 - 107°) = 3.3 - 10° 
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Scientific Notation 


(4 - 107°)(2 - 10°) = 8 - 10? 








SSS Ue Do) 
ae ee 720s 
HO) (lee) saree 


> Multiply 3.0 and 1.1. Add 
the exponents on 10. 


7.2. - 10% fe, vy 
B. Peet oe 10 > Divide 7.2 by 2.4. Subtract 
the exponents on 10. 
é Pe a ‘ 5.4 +107 
_ Problem6 Multiply or divide. A. (2.4-10°°)(1.6-10°)  B. Ame 
L Solution See page S16. 


Divide a polynomial by a monomial 


8 + 4 
2 
adding the terms in the numerator and then 
dividing the result. It can also be simplified 
by first dividing each term in the numera- 
tor by the denominator and then adding the 
result. 





Note that can be simplified by first 


To divide a polynomial by a monomial, 
divide each term in the numerator by the 
denominator, and write the sum of the 
quotients. 

bea peaOe Aas 
& Divide: — 


Divide each term of the polynomial 
6x* + 4x by the monomial 2x. Simplify. 


puieeae 


2xy 


r Example 7 Divide: ———, 

§ A 

| ; 6x? — 3x7 + 9x 6x? 3x2 Ox 
Solution a as By + a 

= 24? — 4 3 

s 3 Oe 3 

5 ge 4x°y + 8x — 4x 

_ Problem 7 Divide: ayaa 

i 

4 


«= Solution See page S16. 











Sade 
2 See 

8+4 8 4 

s =a t5H4t2=6 
+ 

a eae! 

Cc Cc Cc 


6x? + 4x 6x? | 4x 


Dx (Ox Dx 
= 3r 42 es 


> Divide each term of the poly- 
nomial by the monomial 3x. 
> Simplify each expression. 
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12K? y — 6xyi+ 4x? 


Example 8 Divide: oxy 


12x*y = oxy + Ax 
2xy 
yy Oxy ae 


Solution 


> Divide each term of the polynomial by the 


ay aya monomial 2xy. 


2) 
POM yor af > Simplify each expression. 


24x*y* — 18xy + 6 
Problem 8 Divide: a 
my 
Solution See page S16. 
| [a] 


HH Divide polynomials () 


To divide polynomials, use a method similar to that used for division of whole 
numbers. The same equation used to check division of whole numbers is used to 
check polynomial division. 


(Quotient X Divisor) + Remainder = Dividend 


For example: 


3 (Quotient X Divisor) + Remainder = Dividend 
5)17 (BO<85) + 2 = 17, 
5 

2 


™ Divide: (x? — 5x + 8) + (x — 3) 


Step 1 x p 
x — 3)x? — 5x +8 Think: x)x? = — = x 
Dias 
Meee Multiply: 0 ="3) = a7 ion 
~2x +8 Subtract: (x? — 5x) — (x? — 3x) = —2x 
Bring down + 8. 
Step 2 Nees? 
x — 3)x? — 5x + 8 
x? — 3x ri 
Dots Think: x)—2 es 
moxie 6 Multiply: —2(x — 3) = —2x + 6 
2 subtract: (—2x +8) — (—2x +6) =2 
The remainder is 2. 
Check: 
Quotient X Divisor + Remainder = Dividend 


(x — 2)(x — 3) + 2=x?-3x-2x+64+2=x7-5x+8 


(x? — 5x + 8)+(@@-3)=x-24— > 
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If a term is missing in the dividend, insert the term with zero as its coefficient. This 
helps keep like terms in the same column. This is illustrated in Example 9. 


Example 9 Divide: (6x + 2x° + 26) + (x + 2) 





Solution DNneet AA 
x + 2)2x° + Ox? + 6x + 26 » Arrange the terms in’ descending 
2x3 + Ax? order. There is no term of x? in 
a a 3 2 
Ro 2x c 6x G26! Insert Ox* for the 
2 missing term so that like terms will 
SAN ea OX 
See be in columns. 
14x + 26 
14x + 28 
=e 
(6x + 2x? +26) = (x + 2) = 2x? — 4x + 14 - 


Problem 9 Divide: (x* — 2x — 4) + (x — 2) 
Solution: See page S16. 





CONCEPT REVIEW 7.4 


Determine whether the statement is always true, sometimes true, or never true. 
3: 
1. The expression e can be simplified by subtracting the exponents. 


2. The rules of exponents can be applied to expressions that contain an expo- 
nent of zero or contain negative exponents. 


3. The expression 3 ’ represents the reciprocal of 3°. 
4. 5x°=0 
5. The expression 4° represents a negative number. 


6. Tobe in simplest form, an exponential expression cannot contain any nega- 
tive exponents. 





1 
= 6 oy 
Tee Oe 
u 1 
8 x*y 6 = xy? 





EXERCISES 7.4 


BY Write with a positive or zero exponent. Then evaluate. 





1 1 

15 55° >. Be Soe ye 
=2 -3 98 Bre 

5. ~ 6 = ths Sve 
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57. 


60. 


63. 


66. 


69. 


Vas 


ZDs 


a A Explain how to rewrite a variable that has a negative exponent as an 
expression with a positive exponent. 
10. Explain how to divide two exponential expressions with the same base. 
Provide an example. 

Simplify. 
7 9 

n. 4 2 5 13. 
Yy Z 
5 9 

5. © 16, = 17. 
Pp W 
22k? 14m"! 

19. ik 20. mo Zi 
6r* 8x" 

23. ae 24. x8 25. 

Dm 28a 29. 

Sige 32. —6y" 33. 

35. = ce 

e 3x2 ° 5c ° 37. 

ue zt 

39. ye 40. x 41. 
Ax? 6y* 

43. De 44. By? 45. 
eye ach 

47. eh 48. Oe 49. 
pq 4p 

Bl. aa 52a. 53, 
14x*y%z? 24a°b’c? 

98 6x y 36. 360'Be 
Dox yi 2" ~23 

58. 20x yeah 59. (= 2ey 

61. (Gx y 2) C2 ae 

64. (—2x->)x’ 65. (—5a’)(a°?? 

67. (—2ab~*)(4a-*b)~? 68. (3ab~*)(2a~'b)~? 
il i 3x2y? 

ae a’b? ICs 6xy* 
3x*y 1,4 
eee 2x7 y 

hee TAs 
12a°b° —16xy* 

16. ah ToS oes 


78. 





14. 2 
22. es 
26. = 
Eas 
sii 


38. (32x3y4)" 





42. 
—24c? 
46. ~ 36H 
Srl’ 
50. 6r°t’ 
14a°b° 
54. 21a°b® 
15mn°p? 
30m'n’p 
(z Sxgivals 
(Qe e) 


(2a~°)(a’b™*)° 


(Big) (= 226-7") 


20 y) 





8xy 
ay 
Axy* 





= 8x74 
44y2° 
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72. Y Why might a number be written in scientific notation instead of deci- 
mal notation? 


80. ¥ Explain how you can tell whether a number is in scientific notation. 
Write the number in scientific notation. 
81. 2,370,000 82. 75,000 83. 0.00045 84. 0.000076 
85. 309,000 86. 819,000,000 87. 0.000000601 88. 0.00000000096 
Write the number in decimal notation. 
S97 90 23.107 Olas 10m: 92-5921 0ee 
93.206,.7 4s 10° 94. 5.75 - 10° 95:— 7.13°710.° 96. 3.54- 10° 


97. Physics Light travels approximately 16,000,000,000 mi in one day. Write 
this number in scientific notation. 


98. Chemistry Avogadro’s number is used in chemistry. Its value is approxi- 
mately 602,300,000,000,000,000,000,000. Write this number in scientific nota- 
tion. 


99. Geology The mass of Earth is 5,980,000,000,000,000,000,000,000 kg. Write 
this number in scientific notation. 


100. Astronomy A parsec is a distance measurement that is used by astrono- 
mers. One parsec is 3,086,000,000,000,000,000 cm. Write this number in sci- 
entific notation. 





101. Electricity The electric charge on an electron is approximately 
0.00000000000000000016 coulomb. Write this number in scientific notation. 


102. Light The length of an infrared light wave is approximately 0.0000037 m. 
Write this number in scientific notation. 


103. Computers One unit used to measure the speed of a computer is the 
picosecond. One picosecond is 0.000000000001 second. Write this number in 
scientific notation. 


104. Astronomy One light-year is the distance traveled by light in one year. One 
light-year is 5,880,000,000,000 mi. Write this number in scientific notation. 


Simplify. 
105229010 3)(3.5- 107) 1065421018 > 10-7) 


107, —(23.--1039) G48 105%) 108. (3-10°*°)(2.4 - 10°) 
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6.12 - 10" 


109. 17 10° 


5.58 - 10°” 
M5 en 
Divide. 

Dx 2 


113. 5 


16b — 40 


116. 3 


4b? = 3b 


b 


10y? — 6y 
2y 


119. 


122. 


x? + 3x? — 5x 
x 


125: 


ayo On 
2s, —<—= 

a 
oy’ — 15y? 


i 


Sy oe 2y — 3 
y 


134. 


137. 16a°b — 20ab + 24ab* 
4ab 
Z4 Divide. 


140. ( — 14b + 49) = (b — 7) 


143. (2x7 + 5x + 2) + (x + 2) 
146. (2y? + 7) + (y -3) 
149. (6x* — 7x) + (3x — 2) 
152, (6x? — 5) + (x + 2) 
155, ye 9y +8) = Oy >. 3) 


158. 0" 21y + 10y*) + yeh 3) 


114. 


117. 


120. 


123. 


126. 


129. 


132. 


135. 


138. 


141. 


144. 


147. 


150. 


153. 


156. 


159. 


6-108 


erie 


Taner 


DU 
5 


3a? + 2a 
a 


12x" = 7x 
x 


5x? — 10x 
Oe 


a®° — 5a’ + 7a 
a 


5x7 se 10xy 
Sxy 


4x* — 6x? 
—2x? 


—3x? + 7x — 6 
x 


22a°b + 11ab — 33ab* 
1lab 


(era = OS P= 8) 
(2y? — 13y + 21) + (y ~ 3) 
(x? +1)+(-1) 

(6y7 + 2y) = Cy +4) 

(a? + 5a + 10) + @+ 2) 
(Gxt 5x = 4) G4) 


(15a? — 8a — 8) + Ga + 2) 


115: 


118. 


121° 


124. 


127. 


130. 


133. 


136. 


139. 


142. 


145. 


148. 


151. 


154. 


157. 


160. 


10g25 
5 


6y? + 4y 
y 


3x? = 6x 
Ox 


By) — O7y 


x° — 3x4 — x? 
2 
x 


8x7y* — 24xy 
8xy 


3x* — 2x + 1 
x 


2y, = OY +9 
y 
9x*y + 6xy — 3x 
oly 


(y? + 2y — 35) + (y + 7) 
(4x2 — 16) + (2x + 4) 

(x? + 4) + (x + 2) 

(5x? + 7x) + (x — 1) 

(b? — 8b — 9) + (b — 3) 
(8x + 3+ 4x) + (2x — 1) 


(12a? — 25a — 7) + (3a — 7) 
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161. (5 — 23x + 12x?) + (4x — 1) 162. (24 + 6a? + 25a) + (3a — 1) 
163. (x° + 3x? + 5x + 3) +(x +1) 164. (x° — 6x? + 7x — 2) + (x - 1) 
165. (x* — x? — 6) + (x? + 2) 166. (x* + 3x? — 10) + (x? — 2) 


APPLYING CONCEPTS 7.4 


Evaluate. 

167 oe 168. 97°+3° 

169. Evaluate 2* and 2** when x = —2, -1,0,1, 170. Evaluate 3* and 3 when x = —2, —-1,0, 1, 
and 2. and 2. 


Write in decimal notation. 

















71. 2° 172ee 2 
Simplify. 

Qx?y*\  (12x°y° Ora Ox Lexy ct Aye 
Lies am a fey] is ( 3x % | 4y? 

6x*yz°\(2x723\  (6xy’ Diaz lee LOM Yes \ a oye 
vs. (Flee) + Ce 176. (Fas) * ak) * Fa] 
Complete. 
177. If m =n anda # 0, then = = : 178. Ifm =n + Landa # 0, then = : 
Solve. 
179. (—4.8)* = 180. —6.3* = —1 
Determine whether each equation is true or false. If the equation is false, change 
the right side of the equation to make a true equation. 

See dl 

ieee 182. (@")}1 == 
183.° 2+3)'=2'+37 184. Ifx# - then (3x — 1)° = (1 — 3x)®. 
Solve. 


185. The product of a monomial and 4b is 12a’b. Find the monomial. 


186. The product of a monomial and 6x is 24xy*. Find the monomial. 
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187. The quotient of a polynomial and 2x + 1is 2x — 4 + 
nomial. 


188. 


189. 


190. 


191. 
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ZL 
2x +1 





Find the poly- 


ee ; 
The quotient of a polynomial and x — 3 is x7 -—x+8+ ae Find the 


polynomial. 


Y Why is the condition x # ; given in Exercise 184? 


If x is anonzero real number, is x * always positive, always negative, or 
positive or negative depending on whether x is positive or negative? 


Explain your answer. 


VA If x is anonzero real number, is x ° always positive, always negative, or 
positive or negative depending on whether x is positive or negative? 


Explain your answer. 


5m 


ocus on Problem Solving 





Dimensional Analysis 


In solving application problems, it may be useful to include the units in order to 
organize the problem so that the answer is in the proper units. Using units to or- 
ganize and check the correctness of an application is called dimensional analysis. 
We use the operations of multiplying units and dividing units in applying dimen- 
sional analysis to application problems. 


The Rule for Multiplying Exponential Expressions states that we multiply two 
expressions with the same base by adding the exponents. 


xt. 6 = x tt6 — x10 

In calculations that involve quantities, the units are operated on algebraically. 

® A rectangle measures 3 m by 5 m. Find the area of the rectangle. 
A=LW= 86m)(5m) = (3-5)(m- m) = 15m’ 


The area of the rectangle is 15 m* (square meters). a 


= A box measures 10 cm by 5 cm by 3 cm. Find the volume of the box. 
V = LWH = (10 cm)(5 cm)(3 cm) = (10 - 5 - 3)(em-: cm: cm) = 150 cm? 


The volume of the box is 150 cm? (cubic centimeters). a 


© Find the area of a square whose side measures (3x + 5) in. 

A=s’ =[(x + 5) in.P = Gx + 5)? in? = (9x? + 30x + 25) in? | 

The area of the square is (9x* + 30x + 25) in* (square inches). a 
Dimensional analysis is used in the conversion of units. 


The following example converts the unit miles to feet. The equivalent measures 
1 mi and 5280 ft are used to form the following rates, which are called conversion 


1 mi 
5280 ft 


3 mi 
15,840 ft 
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factors: ery B 1 mi = 5280 ft, both of th 
: 5580 A an Im” Decause Imi = t, both of the conversion factors 
1 mi 5280 ft 








5280 f aNd F1,, are equal to 1. 
5280 ft 
1 mi * 





To convert 3 mi to feet, multiply 3 mi by the conversion factor 







_ 3 mri: 5280 ft 
1 mri 





= 3 - 5280 ft = 15,840 ft 


There are two important points in the above illustration. First, you can think of 
dividing the numerator and denominator by the common unit “mile” just as you 
would divide the numerator and denominator of a fraction by a common factor. 





: 5280 ft 
Second, the conversion factor Ta 


by 1 does not change the value of the expression. 


is equal to 1, and multiplying an expression 


In the application problem that follows, the units are kept in the problem while 
the problem is worked. 


iaip € In the 1998 Kentucky Derby, a horse named Real Quiet ran the 1.25-mile 
~ race in 2.0367 min. Find Real Quiet’s average speed for that race in miles 
per hour. Round to the nearest tenth. 


Strategy To find the average speed, use the formula r = ., where r is the 


speed, d is the distance, and ¢ is the time. Use the conversion 





a 60 min 
actOl ae: 
Soliton r= d Ls 1.25 mi ae 1.25 mi ; 60 min 
oe. i 20367 min  2.0367min 1h 
75 mi 
= 50367h ~ 20-8 mph 
Real Quiet’s average speed was 36.8 mph. « 


Try each of the following problems. Round to the nearest tenth. 


1. Convert 88 ft/s to miles per hour. 
2. Convert 8 m/s to kilometers per hour (1 km = 1000 m). 


3. A carpet is to be placed in a meeting hall that is 36 ft wide and 80 ft long. At 
$21.50 per square yard, how much will it cost to carpet the meeting hall? 


4. A carpet is to be placed in a room that is 20 ft wide and 30 ft long. At $22.25 
per square yard, how much will it cost to carpet the area? 


5. Find the number of gallons of water in a fish tank that is 36 in. long and 24 in. 
wide and is filled to a depth of 16 in. (1 gal = 231 in’). 


6. Find the number of gallons of water in a fish tank that is 24 in. long and 18 in. 
wide and is filled to a depth of 12 in. (1 gal = 231 in’). 


Tees jacre commercial lot is on sale for $2.15 per square foot. Find the sale price 


of the commercial lot (1 acre = 43,560 ft’). 
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g. A 0.75-acre industrial parcel was sold for $98,010. Find the parcel’s price per 
square foot (1 acre = 43,560 ft’). 
9. A new driveway will require 800 ft* of concrete. Concrete is ordered by the 
cubic yard. How much concrete should be ordered? 
10. ¢ A piston-engined dragster traveled 440 yd in 4.936 s at Ennis, Texas, on 
October 9, 1988. Find the average speed of the dragster in miles per hour. 
11. ¢ The Marianas Trench in the Pacific Ocean is the deepest part of the ocean. 
- The depth is 6.85 mi. The speed of sound under water is 4700 ft/s. Find 
the time it takes sound to travel from the surface to the bottom of the Marianas 
Trench and back. 


P rojects and Group Activities 





POINT OF INTEREST 


Pascal did not invent the 
triangle of numbers known as 
Pascal's Triangle. It was 
known to mathematicians in 
China probably as early as 
1050 A.p. But Pascal's Traite 
du triangle arithmetique 
(Treatise Concerning the 
Arithmetical Triangle) brought 
together all the different 
aspects of the numbers for 
the first time. 


Pascal’s Triangle 


Simplifying the power of a binomial is called expanding the binomial. The expan- 
sion of the first three powers of a binomial is shown below. 


(a+ b)'=a+b 
(a + b? = (a + b)(a + b) =a? + 2abd + 
(a+ bP =(at b¥at b) = (@ + 2ab + Pa + b) =a? + 3a°b + Bab’? + 
Find (a + b)*. [Hint: (a + b)* = (a + b)(@ + b)] 
Find (a + b)°. [Hint: (a + b)° = (a + b)4(a + b)] 
If we continue in this way, the results for (a + b)° are 
(a + b)® = a®° + 6a°b + 15a*b? + 20a°b? + 15a*b* + 6ab° + b° 


Now expand (a + b)*. Before you begin, see if you can find a pattern that will help 
you write the expansion of (a + b)® without having to multiply it out. Here are 
some hints. 


1. Write out the variable terms of each binomial expansion from (a + b)' through 
(a + b)°. Observe how the exponents on the variables change. 


2. Write out the coefficients of all the terms without the variable parts. It will be 
helpful to make a triangular arrangement as shown at the left. Note that each 
row begins and ends with a 1. Also note in the two shaded regions that any 
number in a row is the sum of the two closest numbers above it. For instance, 
1+5=6and6+4=10. 


The triangle of numbers shown at the left is called Pascal’s Triangle. To find the 
expansion of (a + b)*, you need to find the eighth row of Pascal’s Triangle. First 
find row seven. Then find row eight and use the patterns you have observed to 
write the expansion (a + b)*. 


Pascal’s Triangle has been the subject of extensive analysis, and many patterns 
have been found. See if you can find some of them. You might check the Internet, 
where you will find some web sites with information on Pascal's Triangle. 
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Eq Properties of Polynomials 


The graph of a fifth-degree polynomial with 


LOOK CLOSELY 4 turning points is shown at the right. In this 
Suggestions for graphing project you will graph various polynomials 
equations can be found in the and try to make a conjecture as to the relation- 
Appendix. For this particular ship between the degree of a polynomial and 
activity, it may be necessary the number of turning points in its graph. For 


to adjust the viewing window 
so that you can geta 
reasonably accurate graph of 


each of the following, graph the equation. 
Record the degree of the equation and the 








the equation. Try number of turning points. 
Ymax = 1000, ees 
Ymin = —1000, and 1. Graph: y= x° + 1 
Yscl = 100. 2. Graph y= x° + 2x* — 5x —6 
35 Graph: y= x* — 2° — 11x x — 12 
am Graph) ye 2 13? Ag 24 
5. Graph: y = x° — 2 
Gm Gtapnay = aX eal iX 7 e024 
ZAGtaphiy = 42x 0x. xe tl 12 
Make a conjecture as to a relationship between the degree of a polynomial and the 
number of turning points in its graph. Graph a few more polynomials of your 
choosing and see whether your conjecture is valid for those graphs. If not, refine 
your conjecture and test it again. 
_hapter Summary 
Key Words 
A monomial is a number, a variable, or a product of numbers 5 is anumber. y is a variable. 8a’b’ is a prod- 
and variables. (Objective 7.1.1) uct of numbers and variables. 5, y, and 8ab? 
are monomials. 
A polynomial is a variable expression in which the terms are As shown above, 5, y, and 8a°b’ are mono- 
monomials. (Objective 7.1.1) mials. Therefore, 5 + y + 8a°b’ is a polyno- 
mial. 
A polynomial of one term is a monomial. (Objective 7.1.1) 5, y, and 8a’b’ are monomials. 
A polynomial of two terms is a binomial. (Objective 7.1.1) x + 9, y? — 3, and 6a + 7b are binomials. 
A polynomial of three terms is a trinomial. (Objective TACK) x? + 2x — 1is a trinomial. 
The degree of a polynomial in one variable is the largest exponent The degree of 8x° — 5x* + 4x — 12 is 3. 


ona variable. (Objective 7.1.1) 


Essential Rules and Procedures 


Rules for Multiplying Exponential Expressions 
If m and n are integers, then x” - x" = x""". (Objective 7.2.1) b° - bt = b°** = b° 
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Rule for Simplifying Powers of Exponential Expressions 
If m and n are integers, then (x”)" = x". (Objective 7.2.2) 


Rule for Simplifying Powers of Products 
If m, n, and p are integers, then (x"y")? = xy". 
(Objective 7.2.2) 


FOIL Method 

To find the product of two binomials, add the products of the 
First terms, the Outer terms, the Inner terms, and the Last 
terms. (Objective 7.3.3) 


The Sum and Difference of Two Terms 
(a + b)(a — b) =a? — WW’ (Objective 7.3.4) 


The Square of a Binomial 
(a + b)* =a? + 2ab + b? 


(a — b)* =a? — 2ab + b? 
(Objective 7.3.4) 


Zero as an Exponent 
Any nonzero expression to the zero power equals 1. 
(Objective 7.4.1) 


Definition of Negative Exponents 


1 1 
See CIN Cee 
x: x 


n 





If n is a positive integer and x # 0, then x" 
(Objective 7.4.1) 


Rule for Dividing Exponential Expressions 


If m and n are integers and x # 0, then - Sa 
(Objective 7.4.1) 


Scientific Notation 

To express a number in scientific notation, write it in the form 
a: 10", where a is a number between 1 and 10 and 7 is an inte- 
ger. If the number is greater than 1, the exponent on 10 will be 
positive. If the number is less than 1, the exponent on 10 will 
be negative. 


To change a number written in scientific notation to decimal 
notation, move the decimal point to the right if the exponent 
on 10 is positive and to the left if the exponent on 10 is nega- 
tive. Move the decimal point the same number of places as the 
absolute value of the exponent on 10. (Objective 7.4.2) 








1. Add: (12y? + 17y — 4) + (9y? — 13y + 3) 


3. Multiply: —2x(4v* +. 7x — 9) 


(Gi a yo a y” 


(aSb?)? = 92423) = gi8p6 


(4x + 3)(2x — 1) 
= (4x)(2x) + (40) (-—D) + O20) + BED 
= 8x2 —4x + 6x —-3 = 8x7 + 2x -3 


(3x + 4)(3x — 4) = (3x)? — 4° = 9x? — 16 


(2x + 5) 
= (2x)? + 2(2x)(5) + 5? = 4x? + 20x + 25 
(2x — 5) 
== (2x)? =) 2(2x)(5) + 5? = 4x7 — 20x + 25 


17°=1 (5y) =1,y 40 
ae and ae 

y® 

v= yoo = ¥? 


367,000,000 = 3.67 - 108 


0.0000059 = 5.9 - 10°° 


2.418 - 10’ = 24,180,000 


9.06 - 10°° = 0.0000906 


hapter Review Exercises 


2. Multiply: (5xy*)(—4x7y°) 


4. Multiply: (5a — 7)(2a + 9) 


11. 


13. 


15. 


7. 


1. 


24: 


23. 


25. 


he 


29. 


Sf. 


33. 


35. 


O75 


39: 


41. 


43. 


45. 


47. 


36x? — 42x +°60 


Divide: 6 


Simplify: (-3’)° 

Multiply: (a + 7)(@ — 7) 

Divide: (x? + x — 42) + (x + 7) 

Multiply: (6a7b°)(3a°b) 

Multiply: (2b — 3)(4b + 5) 

Subtract: (13y* =i/7y = 2) = (2yie ey a1) 
Multiply: (By? + 4y — 7)(2y + 3) 

Simplify: (a 7b°c)* 

Write 0.00000397 in scientific notation. 
Multiply: (6y? — 2y + 9)(—2y’) 

Write 6.23 - 10°° in decimal notation. 
Simplify: (—3x?y*)* 

Simplify: (6y — 7) 

Divide: (x? + 17x + 64) + (x + 12) 
Multiply: (a2b’c°)(ab*c)(a*bc’) 

Multiply: (3x + 4y)(2x — 5y) 

Subtract: (b2 — 11b + 19) — (6b? + 2b — 9) 


Multiply: (6b° — 2b? — 5)(2b? — 1) 


—2 A 





Simplify: om 
Add: (4b? — 7b? + 10) + (2b* — 9b — 3) 


Multiply: —9x?(2x7 + 3x — 7) 


10. 


12. 


14. 


16. 


18. 


20. 


22. 


24. 


26. 


28. 


30. 


32: 


34. 


36. 


38. 


40. 


42. 


44. 


46. 


48. 
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Subtract: (5x2 — 2x — 1) — (8x* — 5x + 7) 
Multiply: (x? — 5x + 2)(x — 1) 

Evaluate: 5 

Add: (2x3 + 7x? + x) + (2x? — 4x — 12) 
Multiply: x?y(3x? — 2x + 12) 

Divide: = 

Simplify: (2°) 

Multiply: (2b — 9)(2b + 9) 

Divide: (6y? — 35y + 36) + y — 4) 
Multiply: (xy°z°)(x°y*z) 

Multiply: (6x — 12)(3x — 2) 

Subtract: (8a? — a) — (15a* — 4) 
Multiply: (4a? — 3)@a — 2) 

Simplify: (—3x*y~*)* 

Write 2.4 - 10° in decimal notation. 


Multiply: 2ab3(4a? — 2ab + 3b’) 


12b’ + 360° — 3b° 
30° 


Divide: 
Simplify: (5a7b°)’(4ab) 

Multiply: (6 — 5x)(6 + 5x) 
Divide: (a? + a? + 18) + (a + 3) 


Multiply: (2a'2b>)(—9b?c°)(3ac) 


Multiply: (l0y — 3)(3y — 10) 
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49. 


51. 


53. 


Bo. 


56. 


Bae 


58. 


9; 


60. 


11. 


13. 


15. 


Chapter 7 / Polynomials 


Write 9,176,000,000,000 in scientific notation. 50. Subtract: (6y? + 2y + 7) — (Sioa inl) 
Simplify: (6x*y’z7)"(—2x°y7z°) 52. Multiply: (—3x° — 2x* + x = 9)(4x 413) 
Simplify: (8a + 1)? Bd.» sGinnplifyee es 

implify: (8a + 1) . Simplify: 5,2 
Divide: (b? — 2b? — 33b — 7) + (b — 7) 


The length of a rectangle is 5x m. The width is (4x — 7) m. Find the area of 
the rectangle in terms of the variable x. 


The length of a side of a square is (5x + 4) in. Find the area of the square in 
terms of the variable x. 


The base of a triangle is (3x — 2) ft and the height is (6x + 4) ft. Find the area 
of the triangle in terms of the variable x. 


The radius of a circle is (x — 6) cm. Find the area of the circle in terms of the 
variable x. Leave the answer in terms of 7. 


The width of a rectangle is (3x — 8) mi. The length is (5x + 4) mi. Find the 
area of the rectangle in terms of the variable x. 


hapter Test 





Add: (3x? — 2x? — 4) + (8x? — 8x + 7) 2. Multiply: (—2x° + x7 = 7)@x — 3) 
Multiply: 2x(2x* — 3x) 4. Simplify: (—2a*b) 
: . 12%" e 
Simplify: == 6. Simplify: (2ab~*)(3a~*b*) 
Subtract: (3a? — 2a — 7) — (5a? + 2a — 10) 8. Multiply: (a — 2b)(a + 5b) 
oe 16x° — 8x° + 20 
Divide: cor oR poo 10. Divide: (4x? — 7) + (2x — 3) 
Multiply: (—2xy’)(x’y*) 12. Multiply: —3y?(—2y? + 3y — 6) 
eee ey van 
Simplify: arty 14. Simplify: (2x — 5)? 


Multiply: (2x — 7y)(5x — 4y) 16. Multiply: (« — 3)(x? — 4x + 5) 


17. 


19. 


24: 


23. 


25: 


Ze 


295 


30. 


11. 


13. 


15. 


ays 


Simplify: (a2b-°)? 

Multiply: (4y — 3)(4y + 3) 
Simplify: (—3a°b2)? 

Simplify: (3b + 2)? 

Divide: (8x? + 4x — 3) + (2x — 3) 


Multiply: (a — 3b)(a + 4b) 


18. 


20. 


22. 


24. 


26. 


28. 
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Write 0.000029 in scientific notation. 
Subtract: (3y? — 5y + 8) — (—2y? + 5y + 8) 
Multiply: (27 — 7)Ga* — 2a + 3) 

Simplify: nae 


Multiply: (a’b°)(ab’) 


Write 3.5 - 107° in decimal notation. 


The length of a side of a square is (2x + 3) m. Find the area of the square in 


terms of the variable x. 


The radius of a circle is (x — 5) in. Find the area of the circle in terms of the 


variable x. Leave the answer in terms of 7. 





Simplify: - — (-2) 5 
We 
Simplify: (-3] = 2 — 3 2 
FeO ; 
Write 40 254 decimal. 


Simplifye 3X (XY) 2 xy 


Simplify: =2[3% = 46 —92x) 442) 


Solve: 12 = —2x 


Solve: 3 — 4(2 — x)» =3x +7 


38.4 is what percent of 160? 


Find the slope of the line that contains the 
points whose coordinates are (3, —4) and 
(=2;5). 


10. 


Le 


14. 


16. 


umulative Review Exercises 


3. 
Simplify: -5*-(3| (-2] 


Find the opposite of —87. 


7S B4 2. 
Evaluate 2a when a = 3 and b = —2. 


Simplify: a6n(-3) 
Complete the statement by using the Inverse 


Property of Addition. 
-8+?=0 


Solver 3x — 7 =2x +9 


Solve: Ex = 16—<x 


Solve: 7x — 8 = —29 


Find the equation of the line that contains the 
point whose coordinates are (1, —3) and has 


a 
slope — 5. 
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19. 


21. 


23. 


pace 


27. 


29: 


33. 


34. 


3D. 


36. 


37: 


38. 


oo: 


40. 


Graphs 3x2 y = 6 20. Graph the solution set of 


ysex-3. 


Find the domain and range of the relation 22. Evaluate f(x) = —2x + 10 atx = 6. 


(es, =), (6; 9); (—4, =a), (22; 0)}. Is the 
relation a function? 


Solve by substitution: x=3y+1 24. Solve by the addition method: 9x — 2y = 17 
2x + 5y=13 

Subtract: (5b° — 4b? — 7) — (3b? — 8b + 3) 26. Multiply: (8x — 4)(5x? — 2x + 1) 

Multiply: (4b — 3)(5b — 8) 28. Simplify: (5b + 3) 

Simplify: os 30. Divide: Se 

Divide: (a — 3a — 28) + (a + 4) 32. Simplify: (—3x “y)(—3%~y) 


Find the range of the function given by the equation f(x) = 3x +* 9nf the 
Gomanis| 12-96, 0,6}. 


Translate and simplify “the product of five and the difference between a num- 
ber and twelve.” 


Translate “the difference between eight times a number and twice the number 
is eighteen” into an equation and solve. 


The width of a rectangle is 40% of the length. The perimeter of the rectangle 
is 42 m. Find the length and width of the rectangle. 


A calculator costs a retailer $24. Find the selling price when the markup rate 
is 80%. 


Fifty ounces of pure orange juice are added to 200 oz of a fruit punch that is 
10% orange juice. What is the percent concentration of orange juice in the 
resulting mixture? 


A car traveling at 50 mph overtakes a cyclist who, riding at 10 mph, has had 
a 2-hour head start. How far from the starting point does the car overtake the 
cyclist? 


The length of a side of a square is (3x + 2) ft. Find the area of the square in 
terms of the variable x. 


DS Saas 





Technical writers translate technological 
information into easily understood 
language for use in training manuals, 
public relations brochures, and the like. 
The computer industry uses software 
technical writers to explain the 
programs that computers run. Generally 
these technical writers need to learn 
from programmers how things work 
before they write the descriptions. It is 
common for software technical writers 
to have a liberal arts degree with some 
courses in mathematics and science, 
which help them understand technical 
instructions. 


Factoring 


8.1.1 
8.1.2 
8.2.1 
8.2.2 
8.3.1 


8.3.2 


8.4.1 


8.4.2 
8.5.1 
8.5.2 


OBJECTIVES 


Factor a monomial from a polynomial 
Factor by grouping 

Factor trinomials of the form x7 + bx + c 
Factor completely 


Factor trinomials of the form ax? + bx + c 
using trial factors 


Factor trinomials of the form ax* + bx + c by 
grouping 

Factor the difference of two squares and 
perfect-square trinomials 


Factor completely 
Solve equations by factoring 
Application problems 
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Algebra from Geometry 





The early Babylonians made substantial progress in both algebra and 
geometry. Often the progress they made in algebra was based on geometric 
concepts. 


Some geometric proofs of algebraic identities are shown below. 





at ba 


(a—b) =a’ —2ab+b° (a+b) =a +2ab+b (a-blat+b)=a-b° 
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SE GTI. ON 8.1 


LOOK CLOSELY 


12 is the GCF of 24 and 60 
because 12 is the largest 
integer that divides evenly 
into both 24 and 60. 


X 


Common Factors 


| oA 
Factor a monomial from a polynomial a) im 
The greatest common factor (GCF) of PA 2 2S 

two or more integers is the greatest inte- Ol eo 

ger that is a factor of all the integers. GCF = 2:2-3=12 

The GCF of two or more monomials is the 6x°y = 2-3°xK xox 

product of the GCF of the coefficients and Bxty? = 2e 2,2 ke Yin 

the common variable factors. GCF = 2-x-x- y= 2x’y 


Note that the exponent of each variable in 

the GCF is the same as the smallest expo- The GCF of 6x°y and 8x*y? is 2x’y. 
nent of that variable in either of the 

monomials. 


Example 1 Find the GCF of 12a*b and 18a’b’c. 


Solution 12a4b =2-2-3-a'-b > Factor each monomial. 
1847b76¢-= 72 23 23.0507 5+.b2 2c 
GChH=2 3G" b= 62-0 > The common variable factors are a” 


and b. c is not a common factor. 


Problem 1_ Find the GCF of 4x°y and 18x’y’. 





Solution See page S16. 


The Distributive Property is used to PTY ea 
multiply factors of a polynomial. To : 
2 Factors Polynomial 
factor a polynomial means to write Dilys kB ie 2x2 + 10 
the polynomial as a product of other Ae tee) ic i i 
Factor ee 


polynomials. 


In the example above, 2x is the GCF of the terms 2x? and 10x. It is a common 
monomial factor of the terms. x + 5 is a binomial factor of 2x* + 10x. 


Example 2) Factor, ~70 5x°— ox 10x B. loxy + 8x yee 


Solution A. The GCF is 5x. > Find the GCF of the terms of 
the polynomial. 





emia fy SAK, ee > Divide each term of the poly- 
- Pi a nomial by the GCF. 
Bye sox cel > Use the quotients to rewrite 
= 5x47)  Dx(—7%) + Ox(2) the polynomial, expressing 
each term as a product with 
the GCF as one of the factors. 
= 5x — 7x + 2) > Use the Distributive Property 
to write the polynomial as a 
product of factors. 
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B. L6x?y 2 2 ae ae 
8x4y2=2-2-2-x*-y¥? 
12x? a? Be ye 
The GCF is 4x7y. 


162 y Ox, heerlen ie 
= 4x7y(4) + 4x7y(2x7y) + 4x7y(—3x*y*) 
= Ax yah 207y S13x77") 


Problem 2 Factor. <A. 14a?-—21a*b  B. 6x*y? — 9x*y? + 12x7y’* 





Solution See page S16. 


| [ a} 
Factor by grouping CC )) 

In the examples below, the binomials in parentheses are called binomial factors. 

2a(a + b) 

Sy Oey) 
The Distributive Property is used to factor a common binomial factor from an 
expression. 
In the expression at the right, the common binomial fac- My = 3) + AG = 3) 
tor is y — 3. The Distributive Property is used to write = (y — 3)(x + 4) 


the expression as a product of factors. 


Example 3 Factor: y(x + 2) + 3(x + 2) 


Solution y(x + 2) + 3(¢ + 2) > The common binomial factor is x + 2. 
= (x + 2)(y + 3) 





_ Problem3_ Factor: a(b — 7) + b(b — 7) 
«Solution See page S16. 


Sometimes a binomial factor must be rewritten before a common binomial factor 
can be found. 


®™ Factor: a(a — b) + 5(b — a) 
a — band b — aare different binomials. 
Note that (b — a) = (-a + b) = —(a — b). 
Rewrite (b — a) as —(a — b) so that there is a common factor. 
ala — b) + 5(b — a) =ala — b) + 5[-(@ — D)] 
= a(a — b) — 5(a — b) 
= (a — b)(a — 5) « 
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[ Example 4 Factor: 2x(x — 5) + Yoo 2) 


Solution 2x(x — 5) + y(5 — x) 
= 2x(x — 5) — y(x — 5) > Rewrite 5 — x as —(x — 5) so that there 
is a common factor. 
= (x — 5)(2x - y) > Write the expression as a product of 
factors. 


Problem 4 Factor: 3y(5x — 2) — 4(2 — 5x) 


SPW MELT SES LS SIU SPU RD USL 


r 


Solution See page S16. 


Some polynomials can be factored by grouping the terms so that a common bino- 
mial factor is found. 
™ Factor: 2x° — 3x2 + 4x — 6 

202 = 3h ARN 


Group the first two terms and the last two = (2x? — 3x7) + (4x — 6) 

terms. 

Factor out the GCF from each group. = x7(2x — 3) + 2(2x — 3) 

Write the expression as a product of factors. == (2x '— 3)? 2) @ 
m™ Example 5 Factor: 3y° — 4y? — 6y + 8 


Solution 3y° — 4y? — 6y + 8 
= (3y° — 4y”) — (6y — 8) »Group the first two terms and 
the last two terms. Note that 
~6y + 8 = —(6y — 8). 


= y’(3y — 4) — 2Gy — 4) > Factor out the GCF from each group. 
= By — A)(y? ae) > Write the expression as a product of 
factors. 


Problem 5 Factor: y° — 5y° + 4y* — 20 


SS A SETS UTS REE MSSFSUR STLRTL 


Solution See page S16. 


CONCEPT REVIEW 8.1 





Determine whether the statement is always true, sometimes true, or never true. 


1. 


2. 


To factor a polynomial means to rewrite it as multiplication. 
The expression 3x(x + 5) is a sum, and the expression 3x’ + 15x is a product. 


The greatest common factor of two numbers is the largest number that 
divides evenly into both numbers. 


ris aimononualtactor of x2 — 1). 2x — 1 is a binomial factor of x(2x — 1). 
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y(y + 4) + 6is in factored form. 


A common monomial factor is a factor of every term of a polynomial. 


a” — 8a — ab + 8b =a(a — 8) — bia + 8) 


The binomial d + 9 is a common binomial factor in 2c(d + 9) — 7(d + 9). 


EXERCISES 8.1 


1. 


2. 


¥ Explain the meaning of “a factor” and the meaning of “to factor.” 


Y Explain why the statement is true. 

a. The terms of the binomial 3x — 6 have a common factor. 
b. The expression 3x* + 15 is not in factored form. 

Coy — 74s a factor of yy — 7). 


Find the greatest common factor. 


Bex Xe 4, ~y°, y” Bea ie 6. a°b®, a°b® 

Tee Mee, a 8) abe ac 9. 140°, 49a’ 10. 12y?, 27y* 
Th tay ava 12.4 Sia, 100. 13. 9ab*, 24a*b? 14. 15a*b?, 9ab° 
15. ab°, 4a*b,12a7b° 16. 1247) xy, 16% 17; 2x*y Ay, 8x 
18. 16x?, 8x*y?, 12xy 19M 3x y", 6x Sx 20. 4a’b°, 8a°, 12ab* 

Factor. 

2a 22 Ue, 23-0 alr tSa 24.) 12 1277 
255. Ox 12: 26. 16a — 24 2 OME 28:7 2205 445 
20 ic Ox 30. M27 oy SI, soa on. B2e oe 
33. 14y* + lly 34. 6b° — 5b? 35.9) 2x5 dy 36. 3y* — 9y 
SO ae 38.1202 8207 395 bat inexy: 40. a’b + a‘b? 
41. 2a°b + 3xy? 42. 5x°y — 7ab? 43. 6a°b® — 12b? 44, 8x°y? — 4x? 
45. 6a°bc + 4ab’c 46. 10x*yz? + 15xy°%z 47, 18x77 =O" 48. 9a’x — 27a°x° 


49, 


53. 


Dis 


61. 


65. 


68. 


6x = 12x? 


2x? + 8x — 12 

By? — 12y + 32 

oy Oy — OY" 

oe = 8 re 

oy ON Ye ON Ye 


Factor. 


7A: 


74. 


HI 


80. 


83. 


86. 


89. 


o2; 


95. 


97. 


99: 


101. 


ab) 2a .b) 
a(y — 4) — b(y —4) 
b(y — 3) + 33 -y) 
BGP) x(0— a) 
Oy Ay oy + 6 


Ze 67-— 3y 15 


i= ope 24a 1 2by 


+ 4t — st — 4s 


54. 
58. 


62. 


D1x> + Oxy — 49x — Ay 


2ra + a* — 2r-—a 


Ane Bok 12 y = LOX 


10x? — 15x 6y — 29 
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3a*b* — 12a°b° Br or ee 52. a? + 4a? + 8a 
fon On B20 OU 0 Ulcemepeee aoullehecimcle 
3x 6x Oy 59, oy, — 204-7 10y 602 9220 4a Gx 
20 ont 04x 63. 3y° — 9y? + 24y 645 ays Stays 

66. 0a or xy G7 MBC ae Ay te 

69a yy Ory 702 “LOxry "8x ya ax 

Foe Cy ete ace) 73> (0 12) OD) 82) 

73a 2) 2X) 76. ae — 7) = 07 —*x) 

78. -c@ > 2) = )p@2 —a) 79: Ae = Y) 2a) 

Give ners ay Eee a2 BQN eae Aaa 

84-0 By 12 + y — 4 85.0 abe 30 120 16 

Bae Kol eeX OO ENO $8. ye axe yada 

90. 8+ 2c + 4a’ + a’c Debit Bx 4ax 12a 

93. xy —Sy=2%.+-10 ON 2 Oar ic 


APPLYING CONCEPTS 8.1 





Factor by grouping. 


103. 


104. a. 3x2 + 3xy — xy — y? 


105. 


a. 2x7 + 6x + 5x 4+ 15 


ae 24°) 12ab sab: 3b? 


96. 4a? + 5ab — 10b — 8a 
98. 2ab — 3b? — 3b + 2a 
100. 8s + 12r — 6s” — 9rs 


102. 10a*b — 15ab — 4a + 6 


b. 2x7 + 5x + 6x + 15 
bio oy oy = Ye 


b. 2a? — 3ab — 2ab + 3b? 
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Compare your answers to parts (a) and (b) of Exercises 103-105 in order to answer 


Exercise 106. 


106. Do different groupings of the terms in a polynomial affect the binomial 


A whole number is a perfect number if it is the sum of all of its factors that are less 
than itself. For example, 6 is a perfect number because all the factors of 6 that are 
less than 6 are 1, 2, and 3,and1+2+3=6. 


107. Find a perfect number between 20 and 30. 108. Find a perfect number between 490 and 500. 
Solve. 
109. In the equation P = 2L + 2W, what is the effect on P when the quantity 


110. 


L + W doubles? 


Write an expression in factored form for the shaded portion in the diagram. 


dd LA 





SECTION 8.2 


Factoring Polynomials of the 
Form x? + bx +c 


————w 
Lt) 


Factor trinomials of the form x? + bx + c (C3) 
Trinomials of the form x* + bx +c, x? + 9x + 14, b=9, C= 14 
where b and c are integers, are x? —x- 12, p=e—1, c=-12 
shown at the right. Oe il, b=—-2, c=-15 
To factor a trinomial of this form Trinomial Factored Form 


means to express the trinomial as 
the product of two binomials. Some 
trinomials expressed as the product 
of binomials (factored form) are 
shown at the right. 


x? + Ox + 14= (x 4 2)@ +4 7) 
x —x%— 12 = 3) 4) 
x? — Di 15s (eae 3) (ake 5) 


The method by which the factors of a trinomial are found is based on FOIL. Con- 
sider the following binomial products, noting the relationship between the con- 
stant terms of the binomials and the terms of the trinomials. 


Always check your proposed 
factorization to ensure 
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(x + 6)(x + 2) =x? + 2x + 6x + (6)(2) =x? + 8x + 12 


es Sum of 6 and 2 eeeeeeety 
Signs in the Product of 6 and 2 


binomials are 
the same 


(x — 3)(x — 4) = x? -— 4x -— 3x + (-3)(-4) = x? — 7x + 12 
Sum of —3 and —4 oe 
Product of —3 and —4 
(x + 3)(x — 5) = x* — 5x + 3x + (3)(—5) = x? -— 2x - 15 
Sum of 3 and —5 ie OS ENO 
Signs in the Product of 3 and —5 
binomials are 


DEP ust (x — 4)(x + 6) =x? + 6x — 4x + (-4)(6) = x? + 2x — 24 


Sum of —4 and fee 
Product of —4 and 6 


Points to Remember in Factoring x? + bx + c 





1. In the trinomial, the coefficient of x is the sum of the constant terms of the 
binomials. 

2. In the trinomial, the constant term is the product of the constant terms of 
the binomials. 

3. When the constant term of the trinomial is positive, the constant terms of 
the binomials have the same sign as the coefficient of x in the trinomial. 

4. When the constant term of the trinomial is negative, the constant terms of 
the binomials have opposite signs. 


Success at factoring a trinomial depends on remembering these four points. For 
example, to factor 
KO Dx 224 


find two numbers whose sum is —2 and whose product is —24 [Points 1 and 2]. 
Because the constant term of the trinomial is negative (—24), the numbers will 
have opposite signs [Point 4]. 


A systematic method of finding these numbers involves listing the factors of the 
constant term of the trinomial and the sum of those factors. 





Factors of —24 | Sum of the Factors 
1y 324 1.+ (=—24) = —23 
—], 24 —1+24= 23 
2,122. 2 + (—12) = -10 
—2, 12 —2-12= 10 
oO 3 (—5) = —5 
ao 8 —-3+8= 5 
4, -6 4+(-6)= -2 
=—4, 6 —-4+6= 2 


4 and —6 are two numbers whose sum is —2 and whose product is —24. Write the 
binomial factors of the trinomial. 


x? — 2x — 24 = (x + 4)(x — 6) 
Check: (x + 4)(x — 6) =x? — 6x + 4x — 24= x7 — 2x — 24 
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By the Commutative Property of Multiplication, the binomial factors can also be 
written as 


x2 — 2x — 24 = (x — 6)(x + 4) 


™ Example 1 Factor: x? + 18x + 32 







Check (x + 2)(x + 16) = x? + 16x + 2x + 32 
=x? + 18x + 32 


i Solution Factors of 32 | Sum > Try only positive factors of 32 
1, 32 33 [Point 3]. 

2, 16 18 > Once the correct pair is found, 
4,8 12 the other factors need not be 
) tried. 

x2 + 18x + 32 = (x + 2)(x + 16) » Write the factors of the trino- 
d mial. 

) 

t 


Problem 1 Factor: x7 — 8x + 15 


ro 


Solution See page S16. 


Example 2 Factor: x? — 6x — 16 


Solution Factors of —16 | Sum > The factors must be of opposite 


signs [Point 4]. 






re 


=16 =) 

=i, 16 1S 
2 —3 —6 
=2, 8 6 
4, —4 0 


x? — 6x — 16 = (x + 2)(x — 8) >» Write the factors of the trinomial. 


Check (x + 2)(x — 8) =x? — 8x + 2x — 16 
= x* — 6x — 16 





: Problem 2 Factor: x? + 3x — 18 
= Solution See page S17. 


Not all trinomials can be factored when using only integers. Consider the trino- 
Tila P= 16x eB 


Factors of —8 | Sum 





Because none of the pairs of factors of —8 have a sum of —6, the trinomial is 


not factorable using integers. The trinomial is said to be nonfactorable over the 
integers. 


LOOK CLOSELY 


The first step in any factoring 
problem is to determine 
whether the terms of the 
polynomial have a common 
factor. \f they do, factor it out 
first. 


LOOK CLOSELY 


4y and 5y are placed in the 
binomials. This is necessary 
so that the middle term 
contains xy and the last term 
contains y’. 
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Pea 


Factor completely (C3) bea 


A polynomial is factored completely when it is written as a product of factors that 
are nonfactorable over the integers. 


Example 3 


Solution 


Check 


Problem 3 


Solution 


Example 4 


Solution 


Check 


. 


Problem 4 
Ls Solution 





CONCEPT REVIEW 8.2 





Factor: 3x? + 15x? + 18x 


The GCE of 3x°, 15x”, and 18x is 3x. >» Find the GCF of the terms 
P 5 of the polynomial. 
OX #ialoxiaalsx 


=13x(x*) +13x(5x) + 3x(6) > Factor out the GCF. 
=x oe 0) > Write the polynomial as a 
product of factors. 


Factors of 6 | Sum > Factor the trinomial 
16 7 ta te + Tomlry only 
> 3 5 positive factors of 6. 


3x3 + 15x? + 18x = 3x(x + 2)(x + 3) 


3x(e + DG + 3) = 3x? + 3x + 2x + 6) 
= 3x(x? + 5x + 6) 
= 3x° + 15x? + 18x 


Factor: 3a°b — 18ab — 81b 
See page S17. 


Factor: x* + 9xy + 20y? 
There is no common factor. 


Factors of 20 | Sum 


Zi 
12 
9 







> Try only positive factors of 20. 


4,5 
x? + Oxy + 20y* = (x + 4y)(x + 5y) 


(x + 4y)(x + 5y) =x? + Sxy + 4xy + 20y* 
= Oa 


Factor: 4x — 40xy + 84y* 
See page S17. 


Determine whether the statement is always true, sometimes true, or never true. 


1. The value of b in the trinomial x* — 8x + 7 is 8. 


2. The factored form of x? — 5x — 14 is (x — 7)(x + 2). 
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To factor a trinomial of the form x* + bx + c means to rewrite the polyno- 
mial as a product of two binomials. 


In the factoring of a trinomial, if the constant term is positive, then the signs 
in both binomial factors will be the same. 


In the factoring of a trinomial, if the constant term is negative, then the signs 
in both binomial factors will be negative. 


The first step in factoring a trinomial is to determine whether the terms of 
the trinomial have a common factor. 


EXERCISES 8.2 


BS Factor. 
1 x 3x42 2. x7+5x4+6 en 
5 a ta—12 6. 997729 .35 at noe 
9 a@+a-—2 107 273 11 b—"6be9 
oe 14a en 15) Yoo DD 
Veer OW 6 18.8 = Oye 5 19) 22 147 5 
Zi tz 160) 22s fino 230 Pelt 127 
25. x* + 20x 100 26. x* + 18x + 81 27. b* + 9b + 20 
29 k=l A2 30. x7 + 9x = 70 31. b? —b— 20 
SR Ue = MAE Seoul SA ey 35. Pp — 4p. 21 
a7. = Oye oo 38) yg Oy=+ Sl 390) XAia20K 75 
Ade el te 250 AD x 21x 38 43. x? +x — 56 
45. a’ — 21a — 72 46. a’ — 7a — 44 47. a? — 15a + 36 
AD Z — 97 — 136 5Ol) za, 147, 147, 51 Cs CO 
Factor. 
Doan oe S54. 3x7 Lox As 55. 
56, 400 4 57. ab* + 2ab— 15a 58. 


A. 

8. ors 
12) 102-80 tG 
1652 
20. z?— 14z + 49 
24. p?- 6p +8 
28. b* + 13b + 40 
32. b*+ 3b — 40 
36. p? + 16p + 39 
40. p> + 24p + 63 
44, x? + 5x — 36 
48. a> — 21a + 54 
52) ct — 8a 160 

3a? + 3a — 18 


ab* + 7ab — 8a 
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DOM ONY OX GO ay Bay P15 x 619 Rea 72 FA 
62. 2a°+ 6a* + 4a 63st loyal oy 64 Aye Dy eae 2y 
65 eo oe 30 665 20> 2 4x 67. oz = 157,—7140 
68.962 7 1122790 69. 2a° + 8a* — 64a 70. 3a° — 9a? — 54a 
Zier Oxy Oy Opa as SSE Ale 73. a? — 9ab + 20b7 
Fag el nUr 1 OU0e (Same oie Fons" 4h 2st 248i = 
ipa NOV ze 412 78. y? + 85yz + 3627 79, Zz? = 122° 4+ 352° 
80; -z> + 27? = 8027 81. b* — 22b° + 120b? 82. b* — 3b — 1007 
S35 2 26y — 96y- 84. 3y* + 54y? + 135y7 85. 9x ei = 8x; 
S6me le 1D" 87) “4x07 20KY — poy 88. 3x’y — 6xy — 45y 
894 *Byeee32y + 24 90. 10y? — 100y + 90 91, Fee 13c* + 306 
92%re 4 18c* — 40e 93. 3x° ~ 36x? + 81x 94, 4x° + 4x? — 24x 
95. x? — 8xy + 15y? 96.) y= 7xy — 8x" 97, a — 13ab + 42b° 
98. y? + 4yz — 2127 99, y? + Byz + 72? 100.. «7 —16yz a. 1524 
101. 3x7y + 60xy — 63y 102. 4x°y — 68xy — 72y 103.630) CHi3 en 
1OGM4gP HE 12% = "160% 105. 427-3227? —'132z 1062 52> — 50a 120z 


APPLYING CONCEPTS 8.2 


Factor. 
1072 Onesies 19 108. x’y — 54y — 3xy 
109. 45a? + a*b’ — 14a°b 110. 12p? — 96p + 3p” 


Find all integers k such that the trinomial can be factored over the integers. 


111. x7 +kx + 35 112. x? + kx + 18 


113. x2-— kx + 21 114. x7-—kx +14 
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Determine the positive integer values of k for which the following polynomials are 


factorable over the integers. 


115. 0 2 4y ak 


1187 7e kK 


116. 27+ 7z+k 117. a—6at+k 


1195 x = 3X uk 1205 Yor by ok 


PE Y Exercises 115-120 included the requirement that k > 0. If k is allowed 
to be any integer, how many different values of k are possible for each 
polynomial? Explain your answer. 





Soe CSE 107 N 48.3 


Factoring Polynomials of the 
BOrngn = ae Digcnae 


tly 
Factor trinomials of the form ax? + bx + c (Cy) my 
using trial factors 
Trinomials of the form ax? + bx + c, 303 =—ik +4, a=3,b=-Lc=4 
where a, b, and c are integers and a # 0, Aeitcix — 8 2=4,b=5, o= =8 


are shown at the right. 


These trinomials differ from those in the previous section in that the coefficient of 
x’ is not 1. There are various methods of factoring these trinomials. The method 
described in this objective is factoring trinomials using trial factors. 


To factor a trinomial of the form ax” + bx + c means to express the polynomial 
as the product of two binomials. Factoring such polynomials by trial and error 
may require testing many trial factors. To reduce the number of trial factors, 
remember the following points. 


Points to Remember in Factoring ax? + bx + c 





1. If the terms of the trinomial do not have a common factor, then the terms 
of a binomial factor cannot have a common factor. 

2. When the constant term of the trinomial is positive, the constant terms of 
the binomials have the same sign as the coefficient of x in the trinomial. 


3. When the constant term of the trinomial is negative, the constant terms of 
the binomials have opposite signs. 





® Factor: 10x? — x — 3 


The terms of the trinomial do not have a common factor; therefore, a binomial 
factor will not have a common factor. 
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Because the constant term, c, of the trinomial is negative (—3), the constant 
terms of the binomial factors will have opposite signs [Point 3]. 


Find the factors of a (10) and the Factors of 10 | Factors of —3 
factors of c (—3). 1.10 tens 
Dae aS 


Middle Term 


= OVet LOM==9/x 
Sk LOK 7x 
—6%+ 5x4 = —4 
6X OG 
300 kee 


Using these factors, write trial Trial Factors 
factors, and use the Outer and (x + 1)(10x — 3) 
Inner products of FOIL to check (x — 1)(10x + 3) 
the middle term. (2x + 1)(5x — 3) 


(Qe 21) (5x7 3) 
(Ox 1 Ge 3) 













ClOvgel \e-a5) 30x — x = 29x 
(oxee DGx— 3), | =157 32% =— 13x 
(5x — 1)(2x + 3) 15x’ — 2x = 13% 


From the list of trial factors, 10x? — x — 3 = (2x + 1)(5x — 3). 


Check: (2x + 1)(5x — 3) = 10x? — 6x + 5x — 3 
= 10x? -x-3 cy 


All the trial factors for this trinomial were listed in this example. However, once 
the correct binomial factors are found, it is not necessary to continue checking the 
remaining trial factors. 


™ Factor: 4x7 — 27x + 18 


The terms of the trinomial do not have a common factor; therefore, a binomial 
factor will not have a common factor. 


Because the constant term, c, of the trinomial is positive (18), the constant terms 
of the binomial factors will have the same sign as the coefficient of x. Because 
the coefficient of x is —27, both signs will be negative [Point 2]. 


Find the factors of a (4) and the Factors of 4 | Factors of 18 
negative factors of c (18). 





Using these factors, write trial Trial Factors Middle Term 
factors, and use the Outer and (x — 1)(4x — 18) | Common factor 
Inner products of FOIL to check (x — 2)(4x — 9) Og ite 1 
the middle term. (x — 3)(4x — 6) Common factor 


(2x — 1)(2x — 18) | Common factor 


(2x — 2)(2x — 9) | Common factor 
(2x — 3)(2x — 6) | Common factor 
42— Do 18) | 2 — 73% 
(4x%— 2)(x — 9) Common factor 


(4x — 3)(x — 6) — 247-131 = 274 
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The correct factors have been found. The remaining trial factors need not be 


checked. 


Ax? — 27x + 18 = (4x — 3)(x — 6) a 


This last example illustrates that many of the trial factors may have common fac- 
tors and thus need not be tried. For the remainder of this chapter, the trial factors 
with a common factor will not be listed. 


Example 1 


Solution 


Check 


Problem 1 


Solution 


Example 2 


Solution 


Check 


Problem 2 





Solution 


Factor: 3x* + 20x + 12 


Factors of 3 | Factors of 12 
tea 
DENS 
3,4 
Middle Term 
Ax + 9x = 13x 


> Because 20 is positive, 
only the positive factors 
of 12 need be tried. 










> Write the trial factors. 
Use FOIL to check the 
middle term. 


Trial Factors 


(x + 3)(G% 4 4) 
(3x + 1)Qe+ 12) | 36x + 4% = 37% 
(3x + 2) + 6) | 18x + 2x = 20% 


3x? + 20x + 12 = (3x + 2)(x + 6) 


(Bx + 2)(x + 6) = 3x2 + 18x + 2x + 12 
= 3x* + 20x + 12 







Factor: 6x? — 11x +5 


See page S17. 


Factor: 6x* — 5x — 6 


> Find the factors of a 
(6) and the factors of c 
(=6). 


Factors of 6 | Factors of —6 





Trial Factors Middle Term 


(x — 6)(6x + 1) 

(x + 6)(6x — 1) | —x + 36x = 35x 

2 3)Gxe 2) 4x — 9x = —5x 
6x7 — 5% — 6 = Ox = Bier 2) 


(2x'— 3)(Gx + 2) = 657 4 47 — 9 — 6 
= 6x? — 5x — 6 








> Write the trial factors. 
Use FOIL to check the 
middle term. 






Factor: 8x? + 14x — 15 


See page S17. 
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Example 3 Factor: 15 — 2x — x? 


Solution Factors of 15 | Factors of —1 > The terms have no 
1s ie common factors. The 
3 5 a coefficient of x? is —1. 


Trial Factors Middle Term > Write the trial factors. 


(ba x)15 = x)" =x 159 = 14x Use FOIL to check the 
(l= x)(5 +x) | x = 15x = 14x middle term. 

(Gre (GES) A= SSK 

(3 — x)(5 + x) 3x — 5x = —2x 


15 — 2x — x? = (3 — x)(5+ x) 


Check (38 — x)(5 +x) =15 +4 3x — 5x — x? 
= 15 — 2x — x? 





Problem 3 Factor: 24 — 2y — y’ 





Solution See page S17. 


The first step in factoring a trinomial is to determine whether there is a common 
factor. If there is a common factor, factor out the GCF of the terms. 


r Example 4 Factor: 3x° — 23x* + 14x 


Solution The GCF of 3x? 23x”, and 14x is x. > Find the GCF of the 
terms of the poly- 
nomial. 

3x° —-23x? + 14x = x(3x? — 23x + 14) > Factor out the GCF. 





Factors of 3 | Factors of 14 > Factor the trinomial 
yo eee 
ee epi 3x 2370 ate AS 
—2,-—7 


Middle Term 


—14% — 34 = —17x 

—x — 42x = —43x 
(2) Gx7) a) ee OL OX 
Os2) Gea) leet 23 


3x? — 23x? + 14x = x(x — 7)(3x — 2) 


Check x(x — 7)(3x — 2) = x(@x? — 2x — 21x + 14) 
= x(3x? — 23x + 14) 
= 3x° — 23x7 + 14x 


Trial Factors 


(a BG 14) 
(oe Ge al) 






Problem 4_ Factor: 4a7b? — 30a*b + 14a? 
Solution See page S17. 
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LOOK CLOSELY 


In this objective, we are 
using the skills taught in 
Objective 2 of Section 1 of 
this chapter. You may want to 
review that material before 
studying this objective. 


Factor trinomials of the form ax* + bx + c (5) 
by grouping 
In the previous objective, trinomials of the form ax* + bx + c were factored using 


trial factors. In this objective, factoring by grouping is used. 


To factor ax* + bx + c, first find two factors of a - c whose sum is b. Use the two 
factors to rewrite the middle term of the trinomial as the sum of two terms. Then 
use factoring by grouping to write the factorization of the trinomial. 


® Factor: 2x? + 13x + 15 
a=2,c=15,a-:c=2:15 = 30 


Find two positive factors of 30 whose sum Positive Factors of 30 | Sum 


is 13. i 30 








Das 7 
The factors are 3 and 10. B10 13 
5,6 11 
Use the factors 3 and 10 to rewrite 13x as 2x7 + 13x +415 
3x + 10x. = 2x7 + 3x + 10x + 15 
Factor by grouping. = (2x? + 3x) + (10x + 15) 


= x(2x + 3) + 5(2x + 3) 
= (2x + 3)(x + 5) 


Check: (2x + 3)(x + 5) = 2x? + 10x + 3x + 15 
= 2x? + 13x + 15 @ 


® Factor: 6x2 — 11x — 10 
a=6,c = —10,a:c = 6(—10) = —60 





Find two factors of —60 whose sum is —11. Factors of —60 
1, —60 
-1, 
Deo 
—2, 
The required sum has been found. The O20 
remaining factors need not be checked. The mor 
factors are 4 and —15. Aa 
Use the factors 4 and —15 to rewrite —11x as 6x7-— lx -—410 
Ax — 15x. = 6x? + 4x — 15x — 10 
Factor by grouping. = (6x° + 4x) = (15x + 10) 
Note: —15x — 10 = —(15x + 10) = 240% 2) a(x eo) 


== (OX enya 25) 


Check: (3x + 2)(2x —5) = 6x? — 15x + 4x — 10 
= 6x? — 1lx — 10 @ 
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® Factor: 3x2 — 2x — 4 
a=3,c=—4,a:c=3(—4) = -12 


Find two factors of —12 whose sum is —2. Factors of —12 | Sum 





No integer factors of —12 have a sum of —2. Therefore, 3x” — 2x — 4 is nonfac- 
torable over the integers. « 


Example 5 Factor: 2x? + 19x — 10 


Solution a-c=2(—10) = —20 > Find a -c. 
—1(20) = —20 > Find two numbers whose product is 
=| 2 op=n9 —20 and whose sum is 19. 
2x7 + 19x = 10 
= Dye — ye 20v — 10 > Rewrite 197 as =x 20x: 


= (2x? — x) + (20x — 10) > Factor by grouping. 
= x(2x — 1) + 10Qx — 1) 
(2x — LyGe += 10) 


Problem 5 Factor: 2a? + 13a — 7 


Solution See page S18. 


Example 6 Factor: 8y* — 10y — 3 


Solution a-c = 8(—3) = —24 > Finda -c. 
2(-12) = —24 > Find two numbers whose product is 
2 + (-12) = -10 —24 and whose sum is —10. 
Sy 10ye——3 
= 8y* ta ies y 8 > Rewrite —10y as 2y — 12y. 


= (8y* + 2y) — (12y + 3) > Factor by grouping. 
= 2y(4y + 1) — 3(4y + 1) 
= (4y + 1)(2y — 3) 


Problem 6 Factor: 4a* — 11a — 3 
Solution See page S18. 


Remember that the first step in factoring a trinomial is to determine whether there 
is acommon factor. If there is a common factor, factor out the GCF of the terms. 
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Example 7 Factor: 24x’y — 76xy + 40y 


Solution 24x’y — 76xy + 40y > The terms of the polynomial have 
= Ay(6x? — 19x + 10) a common factor, 4y. Factor out the 
GCF. 
a-c = 6(10) = 60 > To factor 6x? — 19x + 10, first find 
a-c. 
—4(—15) = 60 > Find two numbers whose product 
—4 + (-15) = -19 is 60 and whose sum is —19. 
6x? — 19x + 10 
= 6x? — 4x — 15x + 10 > Rewrite —19x as —4x — 15x. 


= (6x? — 4x) — (15x — 10) > Factor by grouping. 
=-27(3%,— 2) =s5(3x— 2) 
= (3x =" 2)(Qx 55) 
24x*y — 76xy + 40y > Write the complete factorization of 
= Ay(6x* — 19x + 10) the given polynomial. 
= 4y(3x — 2)(2x — 5) 


Problem 7 Factor: 15x° + 40x* — 80x 
Solution See page S18. 


eS 

Determine whether the statement is always true, sometimes true, or never true. 
1. The value of a in the trinomial 3x* + 8x — 7 is —7. 
2. The factored form of 2x? — 7x — 15 is (2x + 3)(x — 5). 


3. To check the factorization of a trinomial of the form ax? + bx + c, multiply 
the two binomial factors. 


4. The terms of the binomial 3x — 9 have a common factor. 


5. If the terms of a trinomial of the form ax* + bx + c do not have a common 
factor, then one of its binomial factors cannot have a common factor. 


6. To factor a trinomial of the form ax* + bx + c by grouping, first find two 
numbers whose product is ac and whose sum is b. 


EXERCISES 8.3 


EN Factor by the method of using trial factors. 


12 oe 2: Ok aoe a al 3. 2 es AS Bye 2 


5. 2a7-3at+1 6. 3a°-4a+1 7, 2b7>—11b+5 8. 3b7-13b4+ 4 


132 


17. 


21. 


25. 


20: 


33. 


O7s 


41. 


45. 


48. 


51. 


54. 


57. 


60. 


63. 


66. 


De eed 

627° — 7z +3 

Sx + 33x + 4 
o7 A 
Ox er 12 
6a* + 7a — 24 
15a? + 26a — 21 
71> 
12 2x 12 
Sie eee 
Oe ze 

Ox? + 33x—-60 
60x? + 95x + 20 
15b? — 115b + 70 
Oita 2 
Ayz? - 5yz7— 6yz 


6b* — 13b° + 6b? 


Factor by grouping. 


69. 


ZS: 


Tie 


81. 


85. 


89. 


93: 


Zig tte 10 
12y* — 7y +1 
12y? + 19y + 5 
47? + 11z +6 
Oyama 
33b? + 34b — 35 


15x? — 82x + 24 


10. 


14. 


18. 


22: 


26. 


30. 


34. 


38. 


42. 


70. 


74. 


78. 


82. 


86. 


90. 


94. 
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Ae aL 11. 
Oza oe ee 15, 
Let Ocha e7 19. 
47? + 5z — 6 23. 
1Sxar 1957-16 27; 
14a? + 15a — 9 31. 
6a? + 23a + 21 35. 
10Z25ez.— 4 39. 
10b? + 43b — 9 43. 
46. 6x? + 10xy + 4y’ 
A958 eae 
52. 16x? — 16x — 12 
55. 35a* + 9a° — 2a? 
58. 25b? + 35b-— 30 
61. 10y° — 44y* + l6y 
64. 2yz> — 17yz* + 8yz 
67. 9x°y + 12x*y + 4xy 
28 se 5E— 12 71; 
Cie oy seal 75. 
5y? — 22y + 8 79. 
6z° — 257 + 14 83. 
12ye 11459 pal 87. 
15b? — 43b + 22 91. 
13z? + 49z — 8 95. 


rao 
oF — 11+ 4 
307 1604-16 
op 2p 16 
bbe poo 14 
182 = 91 — 5 
By? — 26y + 15 
Sx 14x 5 


3z7 + 95z + 10 


47, 


50. 


53. 


56. 


ou. 


62. 


65. 


68. 


30 — lO 
5x? = 62x — 7 
7a’ + 47a — 14 


22p? + 5lp — 10 
6b? = \13bi+16 
LSy2cS20yEr20 


10z*— 29z + 10 
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12. 3x7+ 5x -—2 
162 108 peli 
20. 6b? — 19b + 15 
24. 7p* + 19p + 10 
28. 8x? — 30x + 25 
32. 124+ 28t —5 
36. 18y? — 27y +4 
40. 15a? — 22a +8 
44, 82? — 36z+ 1 

26E oA. 

Le lle ax 

DAN? =a eA 

154° + 264° + 7a* 

10x 4 12 ey 

14y? + 94y? — 28y 

20b* + 41b° + 20b7 


9a°b — 9a*b? — 10ab° 


72. 260 or op a) 
76a ON Mee eA 
80. 11a? — 54a—5 
84. 14p? — 41p + 15 
88. 20b? + 37b + 15 
92. 24y? + 4ly + 12 


96. 15z* — 44z + 32 
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07. 362i 2a 8O 98. 16774 8235 99, 14y? — 29y + 12 100. 8y? + 30y + 25 
IOs 6x° 3350.6 102. 40> 6x 4-2 103%, 127 334 104, 1597— 50y 4 35 
105. 30y? + 10y — 20 106) 205-11 ox 107. 2 or 108. 3a? + 5ab — 20° 
109. 2a — 9ab + 90? 110. 4y? — 1lyz + 62 111. 2y? + 7yz + 527 TiQs eee 
11G Sash le e 1145 21-200 115. 360y? + 4y — 4 116.10 Sti 00 
117. 16f + 40t — 96 118. 3p? — 16p? + 5p 119. 6p? + 5p? +p 120. 262? + 98z — 24 
12 02 — 872+ 30 122, 120° + 14a* = 48a 123, 42q° 450° — 27a 124. 360 OP aa 
P25 30 25 126.” 8x*y — 38xy? + 35y° 
1275 9x y 24x77 loxy” 128. 45a°b — 78a7b* + 24ab° 


APPLYING CONCEPTS 8.3 


Factor. 

1295. by.koy soy = 130, 227° — se" + lop 131. «be -24ab = 2a 
132. oxy ee (aay xy 133. 2562+ 608 = 107 134. 3x) y ye 
Factor. 

135; 2g 2) SG 2a 3 136. 3(a+ 2)? —(a+2)-4 

137. slOGta AiG a (x S81) 6 138. Ay ol) 7 (1) 


Find all integers k such that the trinomial can be factored over the integers. 


139. 2x? +kx +3 140. 2x*+kx-3 
141. 3x7 +kx +2 142. 3x*+kx-2 
143. 2x? +kx +5 144, 2x*+kx -—5 


145. Given that x + 2 is a factor of x° — 2x” — 5x + 6, factor x° — 2x? — 5x + 6 
completely. 


146. In your own words, explain how the signs of the last terms of the two 
binomial factors of a trinomial are determined. 


147. y Geometry The area of a rectangle is (3x? + x — 2) ft*. Find the dimen- 
sions of the rectangle in terms of the variable x. Given that x > 0, spec- 
ify the dimension that is the length and the dimension that is the width. Can 

x < 0? Can x = 0? Explain your answers. 
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SECTION 8.4 


POINT OF INTEREST 


For some geometric proofs 
for factoring the difference of 
two squares and perfect- 
square trinomials, see the 
feature on Algebra from 
Geometry at the beginning of 
the chapter. 


LOOK CLOSELY 


Convince yourself that the 
sum of two squares Is 
nonfactorable over the 
integers by trying to factor 
x? + 4. 


Special Factoring 

oom oe 
Factor the difference of two squares and (Cb) fe 
perfect-square trinomials 


Recall from Objective 4 in Section 3 of the chapter on Polynomials that the prod- 
uct of the sum and difference of the same two terms equals the square of the first 
term minus the square of the second term. 


(a+ bla -b)=a’-3D’ 


The expression a* — b* is the difference of two squares. The pattern above suggests 
the following rule for factoring the difference of two squares. 


Rule for Factoring the Difference of Two Squares 





Difference of Sum and Difference 
Two Squares of Two Terms 
a* — b? = (a + b)\a — b) 


a’ + b’ is the sum of two squares. It is nonfactorable over the integers. 


Example 1\ Factor A. x4.— 16.) Box — 10 — C. z°=25 


Solution A. x? — 16 =x’? — 4 > Write x? — 16 as the difference of 
two squares. 
= (x + 4)(x — 4) > The factors are the sum and differ- 
ence of the terms x and 4. 


B. x? — 10isnonfactorable > Because 10 is not the square of an 
over the integers. integer, x7 — 10 cannot be written 
as the difference of two squares. 


Ciwet— 259] (27)2= & > Write z° — 25 as the difference of 
two squares. 
= (z° + 5)(z? — 5) > The factors are the sum and differ- 
ence of the terms z’ and 5. 


Problem1 Factor. A. 25a*7-—b?  B. 6x*-1 C. n® — 36 


Solution See page S18. 
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Example 2 Factor: z* — 16 


Solution z* — 16 = (z”)? — (4) > This is the difference of two 
squares. 
= (z* + 4)(z? — 4) > The factors are the sum and dif- 


ference of the terms z* and 4. 

= (z7 + 4)(z + 2)(z — 2) » Factor z* — 4, which is the dif- 
ference of two squares. z* + 4 is 
nonfactorable over the integers. 


Problem 2 Factor: n* — 81 


Solution See page S18. 


Recall from Objective 4 in Section 3 in the chapter on Polynomials the pattern for 
finding the square of a binomial. 


(a+bP=(a+t+b\at+b)=a+ab+ab+b’ 
=a’ +2ab+b? 


Square of first term wham 


Twice the product of the two terms 
Square of last term 





The square of a binomial is a perfect-square trinomial. The pattern above suggests 
the following rule for factoring a perfect-square trinomial. 


Rule for Factoring a Perfect-Square Trinomial 





Perfect-Square Trinomial Square of a Binomial 
a+2ab+P = (a+ b)\a +b) = (a + b)?? 
a” — 2ab + BV = (a — b)(a — b) = (a — by’ 


Note in these patterns that the sign in the binomial is the sign of the middle term 
of the trinomial. 


® Factor: 4x? — 20x + 25 


Check that the first term and the last term Ay? = (Qx)7 25 she 
are squares. 


Use the squared terms to factor the trino- (2x — 5)? 
mial as the square of a binomial. The sign 

of the binomial is the sign of the middle 

term of the trinomial. 


Check the factorization. (2x — 5)? 
= (2x)? + 2(2x)(—5) + (—5) 
= 4x? — 20x + 25 


The factorization is correct. 4x? — 20x + 25=(2x —5? @ 
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™> Factor: 9x? + 30x + 16 


Check that the first term and the last term are Ox* = (Bx)*, 16 = 42 
squares. 


Use the squared terms to factor the trinomial as (Gx + 4) 
the square of a binomial. The sign of the binomial 
is the sign of the middle term in the trinomial. 


Check the factorization. (3x + 4) 
= (3x)? + 2(3x)(4) + 4’ 
= 9x? + 24x + 16 

9x? + 24x + 16 ¥ 9x” + 30x + 16 

The proposed factorization is not correct. 


In this case, the polynomial is not a perfect-square trinomial. It may, however, 
still factor. In fact, 9x7 + 30x + 16 = (3x + 2)(3x + 8). If the trinomial does not 
check as a perfect-square trinomial, try to factor it by another method. 


A perfect-square trinomial can always be factored using either of the methods pre- 
sented in Section 3 in this chapter. However, noticing that a trinomial is a perfect- 
square trinomial can save you a considerable amount of time. 


Example .- Factor. 9) A. 9x7 — 30x4 25 B. Ax* + 37x 29 


Solution A. 9x? = (3x)?, 25 = 5? > Check that the first and last 
terms are squares. 
Gx = 5)? > Use the squared terms to 


factor the trinomial as the 
square of a binomial. 


(3x— 5)? > Check the factorization. 
= (3x)? + 2(3x)(—5) + (—5)* 
= 9x? — 30x + 25 > The factorization checks. 
9x? — 30x + 25 = (3x — 5)? 
Bea = Oxo = 3 > Check that the first and last 
terms are squares. 
(2x + 3) > Use the squared terms to 


factor the trinomial as the 
square of a binomial. 


(2x) +.3)3 > Check the factorization. 
= (2x)? + 2(2x)(3) + 3? 
= 4y* + 12x +9 > The factorization does not 
check. 
4x? + 37x +9 > Use another method to factor 
= (ie se Nee ae OD) the trinomial. 


Problem3 Factor. <A. 16y?+ 8y+1  B. x*+ 14x + 36 





Solution See page S18. 
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ie 
Factor completely Cy 


When factoring a polynomial completely, ask yourself the following questions 
about the polynomial. 

. Is there a common factor? If so, factor out the common factor. 

. Is the polynomial the difference of two squares? If so, factor. 

. Is the polynomial a perfect-square trinomial? If so, factor. 

. Is the polynomial a trinomial that is the product of two binomials? If so, factor. 
. Does the polynomial contain four terms? If so, try factoring by grouping. 


SNS oO FPF WON 


. Is each binomial factor nonfactorable over the integers? If not, factor. 


Example 4° Factor) (3A..3x" "48." “Bx — 3x" —4y 12 
Cae oe teoy 


Solution A. 3x* — 48 > The GCF of the terms is 3. 
= 3(x? — 16) Factor out the common factor. 
= 3(x + 4)(x — 4) > Factor the difference of two 
squares. 
BoC eX a aN 2 > The polynomial contains four 


(x3 — 3x?) — (4x — 12) terms. Factor by grouping. 
= x7(x — 3) — 4(x — 3) 


=(v 3) — 4) 
(x ON te 2a ae > Factor the difference of two 
squares. 
CAvty? + Day? + Oy? > The GCF of the terms is y’. 
= y?(4x? vero) Factor out the common factor. 
= y*(2x + 3) > Factor the perfect-square trino- 
mial. 


Problem 4 Factor. <A. 12x°—75x 2B. ab— 7a? -—b+7 
C. 4x? + 28x? — 120x 


Solution See page S18. 





CONCEPT REVIEW 8.4 
Determine whether the statement is always true, sometimes true, or never true. 
1. The expression x* — 12 is an example of the difference of two squares. 


2. The expression (y + 8)(y — 8) is the product of the sum and difference of 
the same two terms. The two terms are y and 8. 


3. A binomial is factorable. 


A trinomial is factorable. 
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If a binomial is multiplied times itself, the result is a perfect-square 


trinomial. 


In a perfect-square trinomial, the first and last terms are perfect squares. 


If a polynomial contains four terms, try to factor it as a perfect-square 


trinomial. 


The expression x” + 9 is the sum of two squares. It factors as (x + 3)(x + 3). 


EXERCISES 8.4 


Provide an example of each of the following. 


a. 
b. the product of the sum and difference of two terms 
c. 
d. 


xe 

Ox S016 
XIANG —at6 
Vitam 

1 — 64x 

DP ieeteel Oxia 
x? + 64 


Doze 


13. 


7 


pai ls 


253 


os 


33. 


36. 9a’ — 42a + 49 


ic 
the difference of two squares 
a perfect-square trinomial 
the square of a binomial 
e. the sum of two squares 
2. ¥ Explain the rule for factoring 
a. the difference of two squares 
b. a perfect-square trinomial 
Factor. 
Be eben 4. 
Tea tS 8. 
aia? Sea Al 12. 
15.' xt 9 16. 
19.71 r49x" 20. 
23. 4a°+ 4a+1 24. 
D7 aia gtoO 28. 
Bn oy 32. 
35. 4b° + 28b + 49 
38. 4a* — 12ab + 9b° 


39. xy —4 


1 

ya Hnayt. | 

Zar ml OZ Ol 

ee 

ey ay 

647° S)il6a +. 1 

me ie 

16b? + 8b +1 
OE 
40. 


10. 


14. 


18. 


22s 


26. 


30. 


34, 
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a’ — 49 
y? + 14y + 49 
x? =21275, 36 
Ox eal 


x Hloxy as ys 


907 + 6a +1 
b* — 160? 
4a? — 20a + 25 


25a + 30ab + 9b? 


a’b* — 25 
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AV 16. ay 
44, 64y? — 48yz + 92? 
47. m* — 256 
50. x? + 10x + 16 
Factor. 
53, 2x — 18 
57. 5b? + 75b + 180 
61. 2x°y + léxy — 66y 
65. 3y? — 36 
6970 — By 
72 16x — 32xy 4 12y 
75. 12a°b — a’b? — ab? 
78. 4ax — 12a — 2bx + 6b 
81. 243 + 39? 
84. 24x° — 66x? + 15x 
87. 4a° + 20a + 25a 
90. ab” — 6ab* + 9b? 
93. ax? — 4a + bx? — 4b 
96. LF 107? 
99. 2b + ab — 6a2b 
102. ay’ — by? — 9a + 9b 
105. 15y* — 2xy? — xy? 
108. a* — 16 
411. x ae 
114. 12x"y — 60x’y + 63xy 


54. 


58. 


62. 


66. 


42, 49x? + 28xy + Ay 
45. 9a°b’ — 6ab + 1 
48. 81-f¢* 
SL. yy? — 8 
YS N0ge 25 bo. 
6y? — 48y + 72 59. 
3a*b + 21ab — 54b 63. 
Sy 147 67. 
70. a’b? + 3a*b — 880? 
73." 50R0O- 
76. 2x°y — 7x7? + 6xy? 
79. 128 — 12a? 4+. 3g 
82. 75 + 27y? 
65. 6 — 2 ve 
88. 2a° — 8a’*b + 8ab? 
91. 48 — 12x — 6x 
94, ax — Wx — ay + b’y 
97. 182° + 2407 + 8 
100. 20x — 11xy — 3xy? 
103. 72xy* + 48xy + 8x 
106. 4x* — 38x> + 48, 
109. WA 27 
112. 8b° — 26° 
115. 4x*y* — 20x*y? + 25x2y? 


43. 


46. 


49, 


52, 


x* + 273 — 35x? 
3a” + 36a + 10 
x? — 6x? — 5x 


20a7 + 12a +1 


7A; 


74. 


Tie 


80. 


83. 


86. 


89. 


92. 


95. 


98. 


101. 


104. 


107. 


110. 


113. 


116. 


4y* — 36yz + 812? 
16x*y? — 24xy + 9 
9x7 + 13x + 4 


9 + 24a + 1602 


56. a* — 11a? + 24a? 
60. 5a? — 30a+4 
64. b° — 8b — 7b 
68. 12a° — 36a + 27 

10a* — 5ab — 150? 

Te 

2ax — 2a + 2bx — 2b 

18a’ + 2407 + 8a 

12a’ — 46a* + 40a 

ay —by>-at+b 

27a°b — 18ab + 3b 

21x* — 11x? — 2x4 

Xie 

32xy? — 48xy + 18x 

4x — 20 — ° + 5x 

Ax’y + 8xy + 4y 

y> — 9y 

6x°y — 6xy? 

24x°y + 14x*y — 20xy 


Oxty? + 24x°y* + 16x*y? 
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107 ON Ay oe 8 118. 24x’y + 6x°y — 45x4y TI OMS cy 5G 720 x yar Vso" 
120. 45y* — 42y? — 24y* 121. 36a°b — 62a7b? + 12ab> 122. 18a°b + 57a°b? + 30ab° 
12 BOs yes 10x 124, 24x°y? — 32x%y* + 10x*y 12a AO) ei 

126. (2a + 3)* — 250? 127.1 Ome ANd ey 128.) (4x 2x 409) = i? 


APPLYING CONCEPTS 8.4 


Find all integers k such that the trinomial is a perfect-square trinomial. 


129. 43° —kx +9 1300254 — kx 131 36% eye 1325 64k ey 
133. x +6x+k 134. —4x+k 135. x*°-2x+k 136. + 10x +k 


137. The prime factorization of a number is 2° - 3’. How many of its whole- 
number factors are perfect squares? 


138. The product of two numbers is 48. One of the two numbers is a perfect 
square. The other is a prime number. Find the sum of the two numbers. 


139. What is the smallest whole number by which 300 can be multiplied so that 
the product will be a perfect square? 


140. Geometry The area of asquare is (16x* + 24x + 9) ft*. Find the dimensions 
of the square in terms of the variable x. Can x = 0? What are the possible A= 16x? + 24x +9 
values of x? 


The cube of an integer is a perfect cube. Because 22 = 8 8 isua perfect cube. 
Because 4° = 64, 64 is a perfect cube. A variable expression can be a perfect cube; 
the exponents on variables of perfect cubes are multiples of 3. Therefore, x’, x°, 
and x’ are perfect cubes. The sum and the difference of two perfect cubes are fac- 
torable. They can be written as the product of a binomial and a trinomial. Their 
factoring patterns are shown below. 


a° + b? is the sum of two cubes. a> + b° = (a + b)(a? — ab + b?) 
a° — b° is the difference of two cubes. a’ — b° = (a — b)(a? + ab + Db?) 
To factor x° — 8, write the binomial as the x? — 8 = (x) — (2)° 

difference of two perfect cubes. Use the fac- = (x — 2)(x* + 2x + 4) 


toring pattern shown above. Replace a with 
x and b with 2. 


Factor. 


14t ex 2S Toy 7. 143.0097 1447 3° 1 


145. y° + 64 F460 125 147, 87-91 148,27 1 
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VA Select any odd integer greater than 1, square it, and then subtract 1. Is 

the result evenly divisible by 8? Prove that this procedure always pro- 
duces a number divisible by 8. (Suggestion: Any odd integer greater than 1 
can be expressed as 2n + 1, where n is a natural number.) 





SECTION 8.5 


LOOK CLOSELY 


x — 2 is equal to a number. 

xX — 3is equal to a number. In 
(x — 2)(x — 3), two numbers 
are being multiplied. Since 
their product is 0, one of the 
numbers must be equal to 0. 
The number x — 2=0Oor the 
number x — 3 = 0. 


Solving Equations 


——— (_ 
(C8) be 


Recall that the Multiplication Property of Zero states that the product of a number 
and zero is zero. 


Solve equations by factoring 


If a is a real number, then a: 0 = 0. 


Consider the equation a: b = 0. If this is a true equation, then either a = 0 or 
U=10: 


Principle of Zero Products 





If the product of two factors is zero, then at least one of the factors must be 
zero. 


Ifa-b=0,thena=Oorb=0. 


The Principle of Zero Products is used in solving equations. 
™ Solve: (x — 2)(x — 3) =0 


If (x — 2)(x — 3) = 0, then 
(x — 2) =0or(x — 3) = 0. 


K=De—=3)=0 


a1 () x-3=0 
x=2 x=3 


Check: (x= 2)(x = 3)= 0" M(x'= 2)@ —3y=0 


22 —3)b) Oy 322) oueeo eC 
Oa) i.0 1(0) | 0 


= 0 0=0 


Solve each equation for x. 


A true equation A true equation 


Write the solutions. The solutions are 2 and 3. @ 


An equation of the form ax? + bx +c =0,a40,isa qua- 3x7 +2x+1=0 
dratic equation. A quadratic equation is in standard form, 
when the polynomial is in descending order and equate to 
Zero. 


Ay” — 3x +1250 


A quadratic ae can be solved by using the Principle! of Zero Products when 
the polynomial ax* + bx + c is factorable. \ 


\ 


LOOK CLOSELY 


The Principle of Zero 
Products cannot be used 
unless 0 is on one side of the 
- equation. 


Example 1 


Solution 


Check 


Problem 1 


Solution 


Example 2 


Solution 


Problem 2 


Solution 


Application problems 


Example 3 


Strategy 
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Solve: 2x* + x = 6 


2x? x = 6 
2yr ix = 6 = 0 > Write the equation in standard 
form. 
> Factor the trinomial. 


2xi— 3)(x'+ 2) =0 


2x -3=0 x+2=0 > Set each factor equal to zero (the 
Principle of Zero Products). 
met xX = —2_ > Solve each equation for x. 
‘he 
fii 
2x? x. =16 


N 
——— 
He 1 \0 





N 1.0 
+ 


3 

2 

3 
}+3 6 

3 

2 

6 


6 
6 


6.6 


5 3 , s 
The solutions are = and —2. > Write the solutions. 


2 
Solve: 2x? — 50 = 0 


See page S18. 


Solve: 3) — 10) = —10 


(x — 3)(x — 10) = —10 
x? — 13x + 30 = —10 
x? — 13x + 40 =0 


> Multiply (x — 3)(x — 10). 

> Write the equation in standard 
form. 

> Factor. 


(x — 8) -— 5) =0 


x-8=0 x—-—5=0 
x=8 x=5 


> Set each factor equal to zero. 
> Solve each equation for x. 


The solutions are 8 and 5. _—> Write the solutions. 


Solve: (x 2)(% — 7) = 52 
See page S18. 


ete 
J 


(oo 


The sum of the squares of two consecutive positive odd integers 
is equal to 130. Find the two integers. 


m First positive odd integer: n 
Second positive odd integer: n + 2 
Square of the first positive odd integer: n’ 
Square of the second positive odd integer: (n + 2)? 
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Solution 


Problem 3 


Solution 


Example 4 


Strategy 


Solution 


Problem 4 


Solution 


= The sum of the square of the first positive odd integer and 
the square of the second positive odd integer is 130. 


n+ (n + 2)? = 130 
n+n?+4n+ 4 = 130 
2n? + 4n — 126=0 
2(n2 + 2n — 63) =0 


n+ 2n—-63=0 > Divide each side of the equation 
(n — 7)(n + 9) =0 by 2. 
n—-7=0 n+9=0 > Because —9 is not a positive odd 
n=7 n=-9 integer, it is not a solution. 
h=7 > The first positive odd integer 
is 7. 
n+2=7+2=9 > Substitute the value of n into the 


variable expression for the sec- 
ond positive odd integer and 
evaluate. 


The two integers are 7 and 9. 


The sum of the squares of two consecutive positive integers is 85. 
Find the two integers. 


See page S18. 


A stone is thrown into a well with an initial velocity of 8 ft/s. 
The well is 440 ft deep. How many seconds later will the stone 
hit the bottom of the well? Use the equation d = vt + 16t?, where 
d is the distance in feet, v is the initial velocity in feet per second, 
and t is the time in seconds. 


To find the time for the stone to drop to the bottom of the well, 
replace the variables d and v by their given values and solve for t. 


d = vt + 16f° 
440 = 8t + 16f° 
0 = 16#? + 8t — 440 > Write the equation in standard 
0 = 8(2? + t — 55) form. 
OR ob > Divide each side of the equation 
Ori Qh hye — 5) by 8. 
fetal —H() t—5=0 
2t = -11 t=5 
di 
t= es > Because the time cannot be a 
: ie 
Tha Gaeieiare negative number, =o not 


a solution. 


The length of a rectangle is 3 m more than twice the width. The 
area of the rectangle is 90 m’. Find the length and width of the 
rectangle. 


See page S19. 
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CONCEPT REVIEW 8.5 


Determine whether the statement is always true, sometimes true, or never true. 


al, 


If you multiply two numbers and the product is zero, then either one or 
both of the numbers must be zero. 


The equation 2x* + 5x — 7 is a quadratic equation. 

The equation 4x* — 9 = 0 is a quadratic equation. 

The equation 3x + 1 = 0 is a quadratic equation in standard form. 
If (x — 8)(x + 6) = 0, then x = —8 or x = 6. 


If a quadratic equation is not in standard form, the first step in solving the 
equation by factoring is to write it in standard form. 





EXERCISES 8.5 


m1. 


Zs 


Solve. 


3. 

6. 

9: 
ips 
3: 
18. 
Da Ie 
24. 
2 
30. 


33. 


Y What does the Principle of Zero Products state? 


Y Why is it possible to solve some quadratic equations by using the Prin- 
ciple of Zero Products? 


(y + 3)(y +2) =0 4. (> Ve) = 0 5. (z — 7)\(z— 3) =0 
Z+ 8)\(zZ = 9) =0 74 kaa O20 8. x(x + 2) =0 

ala — 9) =0 10. a(a + 12) =0 1. y(2y + 3) =0 
LAt = 1) 0 13. .2a6a.— 2)'=10 14. 4b(2b + 5) =0 
(GE) (0 = 5) = 0 16. (b= 8)(b+3)=0 17. x —s81=0 
Origa) TOM6 2340 20) 204 2 6r 3 — 10 
x ox 1b = 0 209 bz — 1d 0 O85 3 
ae Dah Ov 0 250 ay al a) 26. 20-9 -5=0 
3a + 14a + 8 = 0 28 Si Deen 20 = 10) 200 yee 127 — 63 ="0 
Goa =O Sleek 7 0 32. 2a? —- 8a=0 
w+ 5a=—4 34. a’ —5a=24 B57ily 10) =O 
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36. 


39: 


42. 


45. 


48. 


SI: 


54. 


57. 


60. 


63. 


64. 


65. 


66. 


67. 


68. 


69. 


70. 


71. 


tas 
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y — 7y=8 37. 2P+7t=4 38. 
Bf = leh = A AQT) 16, =a 41. 
xe =) 2 Asrio 7p 44, 
pp +3) = =2 46. plp—1)=20 47. 
y(y — 8) = —-15 49, x(x + 3) = 28 50. 
(x + 8) — 3) = —30 52. (x +4)(x -—1)=14 53: 
(2— 5) + 4) = 52 55. (z— 8)(z + 4) = —35 56. 
(a + 3)(a + 4) =72 58. (a—-4a+7)=—-18 59. 
(2x + 5)\(x + 1) = -1 61. (y+ 3)2y +3) —5 62. 


Integer Problems The square of a positive number is six more than five 
times the positive number. Find the number. 


Integer Problems The square of a negative number is fifteen more than 
twice the negative number. Find the number. 


Integer Problems The sum of two numbers is six. The sum of the squares 
of the two numbers is twenty. Find the two numbers. 


Integer Problems The sum of two numbers is eight. The sum of the 
squares of the two numbers is thirty-four. Find the two numbers. 


Integer Problems The sum of the squares of two consecutive positive inte- 
gers is forty-one. Find the two integers. 


Integer Problems The sum of the squares of two consecutive positive even 
integers is one hundred. Find the two integers. 


Integer Problems The product of two consecutive positive integers is two 
hundred forty. Find the two integers. 


Integer Problems The product of two consecutive positive even integers is 
one hundred sixty-eight. Find the two integers. 


Geometry The length of the base of a triangle is three times the height. The 
area of the triangle is 54 ft*. Find the base and height of the triangle. 


Geometry The height of a triangle is 4 m more than twice the length of the 
base. The area of the triangle is 35 m’. Find the height of the triangle. 


3° +t = 10 


(i, 2) 27, 


yt SH 15 
yy + 4) = 45 
pip = 14) 15 


(ye 3) Git lO) = AO 
(z — 6)(z + 1) = -10 
GB3) = 10) 22 


(Sk) Gy = 2) =e 
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73. Geometry The length of a rectangle is two feet more than twice the width. 
The area is 144 ft”. Find the length and width of the rectangle. 


74. Geometry The width of a rectangle is 5 ft less than the length. The area of 
the rectangle is 176 ft’. Find the length and width of the rectangle. 


75. Geometry The length of each side of a square is extended 4 m. The area of 
the resulting square is 64 m’. Find the length of a side of the original square. 


76. Geometry The length of each side of a square is extended 2 cm. The area 
of the resulting square is 64 cm’. Find the length of a side of the original 
square. 


77. Geometry The radius of a circle is increased by 3 in., which increases the 
area by 100 in’. Find the radius of the original circle. Round to the nearest 
hundredth. 


78. Geometry A circle has a radius of 10 in. Find the increase in area that 
occurs when the radius is increased by 2 in. Round to the nearest hun- 
dredth. 


79. Geometry The page of a book measures 6 in. by 9 in. A uniform border 
around the page leaves 28 in’ for type. What are the dimensions of the type 
area? 


80. Geometry Asmall garden measures 8 ft by 10 ft. A uniform border around 
the garden increases the total area to 143 ft’. What is the width of the border? 


Use the formula d = vt + 16t*, where d is the distance in feet, v is the initial veloc- 
ity in feet per second, and t is the time in seconds. 


81. Physics An object is released from a plane at an altitude of 1600 ft. The ini- 
tial velocity is 0 ft/s. How many seconds later will the object hit the ground? 


82. Physics An object is released from the top of a building 320 ft high. The ini- 
tial velocity is 16 ft/s. How many seconds later will the object hit the ground? 


vin 


/ where S is the sum of the first n natural numbers. 





Use the formula S = 


83. Number Problems How many consecutive natural numbers beginning 
with 1 will give a sum of 78? 


84. Number Problems How many consecutive natural numbers beginning 
with 1 will give a sum of 120? 

Use the formula N = ues a where N is the number of football games that must be 

scheduled in a league with t teams if each team is to play every other team once. 





85. Sports A league has 28 games scheduled. How many teams are in the 
league if each team plays every other team once? 


ie 





387 





388 Chapter 8 / Factoring 


86. Sports A league has 45 games scheduled. How many teams are in the 
league if each team plays every other team once? 


Use the formula h = vt — 16#, where h is the height in feet an object will attain 
(neglecting air resistance) in t seconds and v is the initial velocity in feet per second. 


87. Sports A baseball player hits a “Baltimore chop,” meaning the ball 
bounces off home plate after the batter hits it. The ball leaves home plate 
with an initial upward velocity of 64 ft/s. How many seconds after the ball 
hits home plate will the ball be 64 ft above the ground? 


88. Sports A golf ball is thrown onto a cement surface and rebounds straight 
up. The initial velocity of the rebound is 96 ft/s. How many seconds later 
will the golf ball return to the ground? 





APPLYING CONCEPTS 8.5 


Solve. 
89. 2y(y + 4) = —5(y + 3) 90. 2y(y + 4) = 3(y + 4) 
91. (4 — 3) = 36 2a by = 16 
93. p> = 9p° 94. p= 7p" 
95. (2z — 3)(z + 5) = (z+ 1)z +3) 96. (x +3)2x = 1) = CB — x6 — 3x) 
97. Find 3n? if n(n + 5) = —4. 98. Find 2n? if n(n + 3) = 4. 
99. Geometry The length of a rectangle is 7 cm, and the width is 4 cm. If both EL 


the length and the width are increased by equal amounts, the area of the rec- 
tangle is increased by 42 cm’. Find the length and width of the larger rec- 
tangle. 


4cm 


100. Geometry A rectangular piece of cardboard is 10 in. longer than it is wide. 
Squares 2 in. ona side are to be cut from each corner, and then the sides will 
be folded up to make an open box with a volume of 192 in®. Find the length 
and width of the piece of cardboard. 





101. Y Explain the error made in solving the (xf 20 =3)-=6 
equation at the right. Solve the equa- X26 Xi = 6 
tion correctly. ae a9) 


102. y Explain the error made in solving the 
equation at the right. Solve the equa- 
tion correctly. 


ee Ae |S 
en Fe eee 
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~ Focus on Problem Solving 





Making a Table 


Sometimes a table can be used to organize information so that it is in a useful 
form. In the chapter “Solving Equations and Inequalities,” we used tables in the 
applications to organize the data. Tables are also useful in applications that 
require us to find all possible combinations in a given situation. 


A basketball player scored 11 points in a game. The player can score 1 point 
for making a free throw, 2 points for making a field goal within the three- 
point line, and 3 points for making a field goal outside the three-point line. 
Find the possible combinations in which the player can score the 11 points. 


The following table lists all the combinations of shots with which it is possible to 
score 11 points. 











Free throws Os Deel iaonpom Ol 2 “40 Oie Ol ee eel 
2pomt feld-goals | 1 0+ 2 1 0 Anno es, (00 554 eo 2 le 
SHOU gicld S0glS il, Beh o,..omthd 2c tld. ple el lee 0 0 TiO 0 Seno 
Total points 1S Ty FNL ellos Py ellipse ee 


There are 16 possible ways in which the basketball player could have scored 
11 points. 


1. A football team scores 17 points. A touchdown counts 6 points, an extra point 
scores 1 point, a field goal scores 3 points, and a safety scores 2 points. Find the 
possible combinations with which the team can score 17 points. Remember that 
the number of extra points cannot exceed the number of touchdowns scored. 


2. Repeat Exercise 1. Assume that no safety was scored. 


3. Repeat Exercise 1. Assume that no safety was scored and that the team scored 
two field goals. 


4. Find the number of possible combinations of nickels, dimes, and quarters that 
one can get when receiving $.85 in change. 


5. Repeat Exercise 4. Assume no combination contains coins that could be 
exchanged for a larger coin. That is, the combination of three quarters and two 
nickels would not be allowed, because the two nickels could be exchanged for 
a dime. 


6. Find the number of possible combinations of $1, $5, $10, and $20 bills that one 
can get when receiving $33 in change. 


The Trial-and-Error Method 


A topic in Section 3 of this chapter is factoring trinomials using trial factors. This 
method involves writing trial factors and then using the FOIL method to deter- 
mine which pair of factors is the correct one. The trial-and-error method of arriv- 
ing at a solution to a problem involves performing repeated tests or experiments 
until a satisfactory conclusion is reached. However, not all problems solved using 
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the trial-and-error method have a strategy by which to determine the answer. 
Here is an example: 


Explain how you could cut through a cube so that the face of the resulting solid is 
a. a square, b. an equilateral triangle, c. a trapezoid, and d. a hexagon. 


There is no formula to apply to this problem; there is no com- 
putation to perform. This problem requires picturing a cube 
and the results after cutting through it at different places on 
its surface and at different angles. For part (a), cutting per- 
pendicular to the top and bottom of the cube and parallel to 
two of its sides will result in a square. The other shapes may 
prove more difficult. 





When solving problems of this type, keep an open mind. Sometimes when using 
the trial-and-error method, we are hampered by narrowness of vision; we cannot 
expand our thinking to include other possibilities. Then when we see someone 
else’s solution, it appears so obvious! For example, for the question above, it is 
necessary to conceive of cutting through the cube at places other than the top sur- 
face; we need to be open to the idea of beginning the cut at one of the corner points 
of the cube. 


g Look at the letter A printed at the left. If the letter were folded along line €, the two 
sides of the letter would match exactly. This letter has symmetry with respect to 
line €. Line € is called the axis of symmetry. Now consider the letter H printed 
below at the left. Both line €, and €, are axes of symmetry for this letter; the letter 
could be folded along either line and the two sides would match exactly. Does the 
letter A have more than one axis of symmetry? Find axes of symmetry for other 
capital letters of the alphabet. Which lower-case letters have one axis of symme- 
try? Do any of the lower-case letters have more than one axis of symmetry? 


How many axes of symmetry does a square have? In 
determining lines of symmetry for a square, begin by 
drawing a square as shown at the right. The horizontal 

2, line of symmetry and the vertical line of symmetry may 
be immediately obvious to you. But there are two others. 
Do you see that a line drawn through opposite corners of 
the square is also a line of symmetry? 


Find the number of axes of symmetry for each of the following figures: equilateral 
triangle, rectangle, regular pentagon, regular hexagon, and circle. 


Many of the questions in this text that require an answer of “always true, some- 
times true, or never true” are best solved by the trial-and-error method. For ex- 
ample, consider the following statement: 


If two rectangles have the same area, then they have the same perimeter. 


Try some numbers. Each of two rectangles, one measuring 6 units by 2 units and 
another measuring 4 units by 3 units, has an area of 12 square units, but the 
perimeter of the first is 16 units and the perimeter of the second is 14 units. Thus 
the answer “always true” has been eliminated. We still need to determine whether 
there is a case when it is true. After experimenting with a lot of numbers, you may 
come to realize that we are trying to determine whether it is possible for two dif- 
ferent pairs of factors of a number to have the same sum. Is it? 
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Don’t be afraid to make many experiments, and remember that errors, or tests that 
“don’t work,” are a part of the trial-and-error process. 


rojects and Group Activities 





Prime and Composite Numbers 


A prime number is a natural number greater than 1 whose only natural number 
factors are itself and 1. The number 11 is a prime number because the only natural 
number factors of 11 are 11 and 1. 


Eratosthenes, a Greek philosopher and astronomer who lived from 270 to 190 B.c., 
devised a method of identifying prime numbers. It is called the Sieve of Eratos- 
thenes. The procedure is illustrated in the following paragraphs. 








List all the natural numbers from 1 to 100. Cross out the number 1, because it is 
not a prime number. The number 2 is prime; circle it. Cross out all the other mul- 
tiples of 2 (4, 6, 8, . . .), because they are not prime. The number 3 is prime; circle 
it. Cross out all the other multiples of 3 (6, 9, 12, ...) that are not already crossed 
out. The number 4, the next consecutive number in the list, has already been 
crossed out. The number 5 is prime; circle it. Cross out all the other multiples of 5 
that are not already crossed out. Continue in this manner until all the prime num- 
bers less than 100 are circled. 


A composite number is a natural number greater than 1 that has a natural- 
number factor other than itself and 1. The number 21 is a composite number 
because it has factors of 3 and 7. All the numbers crossed out in the table above, 
except the number 1, are composite numbers. 


Solve. 
1. Use the Sieve of Eratosthenes to find the prime numbers between 100 and 200. 


2. How many prime numbers are even numbers? 


3. Find the “twin primes” between 1 and 200. Twin primes are two prime num- 
bers whose difference is 2. For instance, 3 and 5 are twin primes; 5 and 7 are also 
twin primes. 
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4, a. List two prime numbers that are consecutive natural numbers. 


b. Can there be any other pairs of prime numbers that are consecutive natural 
numbers? 


5. Some primes are the sum of a square and 1. For example, 5 = 2’ + 1. Find 
another prime p such that p = n° + 1, where n is a natural number. 


6. Find a prime p such that p = n’? — 1, where n is a natural number. 


7. a. 4! (which is read “4 factorial”) is equal to 4-3 -2-1. Show that 4! + 2, 
4! + 3, and 4! + 4 are all composite numbers. 


b. 5! (which is read “5 factorial”) is equal to5-4-3-2-1. Will 5! + 2,5! + 3, 
5! + 4, and 5! + 5 generate four consecutive composite numbers? 


c. Use the notation 6! to represent a list of five consecutive composite numbers. 


Search the World Wide Web 


At the address http: //www.utm.edu/research/primes/mersenne.shtml#hist, you 
can find the history, theorems, and lists of Mersenne Primes. A prime number that 
can be written in the form 2” — 1, where 1 is also prime, is said to be a Mersenne 
Prime. An interesting note is that the 25th and 26th Mersenne Primes were found 
by high school students Laura Nickel and Curt Noll. 


Would you like to find the answer to questions such as these? 


. What good are perfect numbers? 

. Is zero prime, composite, or neither? 

. What is the difference between zero and nothing? 

. When something is divided by zero, why is the answer undefined? 
. What is infinity plus one? 


A oO PF WN 


. Is infinity positive or negative? 
These and many other questions are answered at the address 
http: //www.forum.swarthmore.edu/dr.math/problems/purpose_zero.html 


The answers to these questions are presented in a clever and interesting fashion. 
The answer to the question “What is the purpose of the number zero?” is given 
below. 


The invention of zero was one of the most important breakthroughs in the history of civ- 
ilization. More important, in my opinion, than the invention of the wheel. I think that it’s 
a fairly deep concept. 


One crucial purpose that zero holds is as a placeholder in our system of notation. When 
we write the number 408, we’re really using a shorthand notation. What we really mean 
by 408 is “4 times 100, plus 0 times 10, plus 8 times 1.” Without the number zero, we 


wouldn’t be able to tell the numbers 408, 48, 480, 408,000, and 4800 apart. So yes, zero is 
important. 


Another crucial role that zero plays in mathematics is that of an “additive identity ele- 
ment.” What this means is that when you add zero to any number, you get the number 
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that you started with. For instance, 5 + 0 = 5. That may seem obvious and trivial, but 
it’s actually quite important to have such a number. For instance, when you’re manipu- 
lating some numerical quantity and you want to change its form but not its value, you 
might add some fancy version of zero to it, like this: 


Xo Ye = eye ony 
=x + Dey ny? — Oxy 
Sa (ey) ee 2 


Now if we wanted to, we could use this as a proof that (x + y)? is always greater than 
2xy; the expression we started with was positive, so the one we ended up with must be 
positive, too. Therefore, subtracting 2xy from (x + y)’ must leave us with a positive 


number. Neat stuff.* 


The Internet is a good source for the history of, and interesting facts about, math- 
ematical concepts. You can use the address 


http: //www-groups.dcs.st-and.ac.uk/~history / HistTopics/Prime_numbers.html 


to find the history of prime numbers. This Web address also contains a list of 
unsolved problems that involve prime numbers. 


~ Chapter Summary 


Key Words 


The greatest common factor (GCF) of two or more integers is the 
greatest integer that is a factor of all the integers. 
(Objective 8.1.1) 


To factor a polynomial means to write the polynomial as a prod- 
uct of other polynomials. (Objective 8.1.1) 


To factor a trinomial of the form ax* + bx + c means to express 
the trinomial as the product of two binomials. 
(Objective 8.3.1) 


A polynomial that does not factor using only integers is non- 
factorable over the integers. (Objective 8.2.1) 


An equation of the form ax? + bx + c =0,a € 0, is a quadratic 
equation. A quadratic equation is in standard form when the 
polynomial is in descending order and equal to zero. 
(Objective 8.5.1) 


The greatest common factor of 12 and 18 is 
6 because 6 is the greatest integer that 
divides evenly into both 12 and 18. 


To factor 8x + 12 means to write it as the 
product 4(2x + 3). The expression 8x + 12 
is a sum. The expression 4(2x + 3) is a 
product (the polynomial 2x + 3 is multi- 
plied by 4). 


To factor 3x? + 7x + 2 means to write it as 
the product (3x + 1)(x + 2). 


The trinomial x* + x + 2 is nonfactorable 
over the integers. There are no two integers 
whose product is 2 and whose sum is 1. 


The equation 2x* + 7x +3 =0 is a qua- 
dratic equation in standard form. 


*Ask Dr. Math. Copyright © 1994-1997 The Math Forum. Used by permission. 
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Essential Rules and Procedures 


Factoring the Difference of Two Squares 
The difference of two squares is the product of the sum and 
difference of two terms. 


a’ —b*=(a+ b)(a — b) (Objective 8.4.1) 

Factoring a Perfect-Square Trinomial 

A perfect-square trinomial is the square of a binomial. 
a> +2ab +b? =(a+ by 

a’ — 2ab + b* = (a — b)’ (Objective 8.4.1) 

General Factoring Strategy (Objective 8.4.2) 


1. Is there a common factor? If so, factor out the common 
factor. 


2. Is the polynomial the difference of two squares? If so, factor. 
3. Is the polynomial a perfect-square trinomial? If so, factor. 


4. Is the polynomial a trinomial that is the product of two 
binomials? If so, factor. 


5. Does the polynomial contain four terms? If so, try factoring 
by grouping. 

6. Is each binomial factor nonfactorable over the integers? If 
not, factor. 


The Principle of Zero Products 
If the product of two factors is zero, then at least one of the fac- 
tors must be zero. 


Ifa-b=0,thena=Oorb=0. 


The Principle of Zero Products is used to solve a quadratic 
equation by factoring. (Objective 8.5.1) 


y? — 81 = (y + 9)(y — 9) 


x? + 10x + 25 = (x + 5)’ 
x? — 10x + 25 = (x — 5) 


24x + 6 = 6(4x + 1) 

2x?y + 6xy + By = 2y(x? + 3x + 4) 
4x? — 49 = (2x + 7)(2x — 7) 

9x? + 6x + 1 = Bx + 1) 

2x7 ++ 7x +5 = (2x + 5)(x + 1) 


x? — 3x? + 2x — 6 = (x? — 3x”) + (2x — 6) 
= x7(x — 3) + 2(x — 3) 
(x — 3)(x? + 2) 
x* — 16 = (x? + 4)(x? — 4) 

= (x? + 4)(x + 2)(x — 2) 


| 


c+ x = 12 
?r+x-12=0 
(x + 4)(x — 3) =0 


he de Ae (0) oe) 
x=-4 x=3 


_ Chapter Review Exercises 








1. Factor: 14y’ — 49y° + 7y° 2: 
3. Factor: c? + 8c +.12 4, 
5. Factor: 6x” — 29x + 28 6. 
7. Factor: 18a — 3a — 10 8. 
9. Factor: 4y? — 16y + 16 10. 


11. Factor: 12a7b + 3ab? 12. 


Factor: 3a? — 12a + ab — 4b 
Factor: a° — 5a + 6a 
Factor, 3 lon 2 
Factor: ab? — 1 

Solve: a(5a + 1) =0 


Factor: b? — 13b + 30 


igh 


15. 


17. 


19. 


21. 


23: 


25. 


ZT 


2D: 


31. 


33. 


35. 


OT. 


So: 


41. 


43. 


45. 


47. 


49, 


51. 


53. 


55. 


56. 


Factor 0x9 4b 25-F 4x2 107 
Factor 71) = 2 — 3f- 

Factor 6% — 7% + 2 

SolvesOe 2) 27 3) —10 
ACtOnis Gn 100 4X" 

Factor: a? + 5a — 14 

Pactor5x 50% — 120 

Factor: 7a? + 17a + 6 

acter, 9y t= 257° 

Solve: 6 — 6y* = 5y 

Factor: 5x° + 10x? + 35x 

Factor, alga + 2) — 7a + 2) 
Factor: 10a’x — 130ax + 360x 
Factor: 2lax — 35bx — 10by + 6ay 
Factor: 16a? + 8a + 1 

Factor: 20a? + 10a — 280 

Factor: 3x*y + 2x°y + 6x*y 
Factor: 24x7 — 12xy + 10y°—_20x 
Solver: 16% — 20 — 0 

Factor: 16x” — 94x + 33 


Pactor: 12y or 16y — 3 


14. 


16. 


18. 


20. 


Dies 


24. 


26. 


28. 


30. 


32. 


34. 


36. 


38. 


40. 


42. 


44. 


46. 


48. 


50. 


52; 


54. 
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Factor-oa = 15a = 42 
Factor 2% = 0% 46 
Factor: 16x” + 49 

actors 7x 97, 

Pactous4 aS) enh otal) 
Factor: y* + 5y — 36 
Solve: (x + 1)(x — 5) = 16 
Factor: 4x* + 83x + 60 
Factors ox 9410 oq OO 
Factor: 12b° — 58b? + 56b 
Factor = 23x 442 
Factor; 8x — 38x45 
Factor: 20° = 19a — 60 
Factor: a®° — 100 

Solve: 4x? + 27x = 7 
Bactor, 618 

Factor: d* + 3d — 40 
Pactor4y a0 20i away 
Factorsox-— 172-10 
Factors 9x7 — 30x + 25 


Factor: 3x* + 36x + 108 


The length of a playing field is twice the width. The area is 5000 yd’. Find the 


length and width of the playing field. 


The length of a hockey field is 20 yd less than twice the width. The area of 
the field is 6000 yd’. Find the length and width of the hockey field. 
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57, 


58. 


bo: 


60. 


11. 


13. 


15. 


17. 


19: 


21. 


23. 


24, 


25; 


The sum of the squares of two consecutive positive integers is forty-one. Find 


the two integers. 


The size of a motion picture on the screen is given by the equation S = d’, 
where d is the distance between the projector and the screen. Find the dis- 
tance between the projector and the screen when the size of the picture is 


400 ft’. 


A rectangular garden plot has dimensions 15 ft by 12 ft. A uniform path 
around the garden increases the total area to 270 ft”. What is the width of the 


larger rectangle? 


The length of each side of a square is extended 4 ft. The area of the resulting 
square is 576 ft’. Find the length of a side of the original square. 





hapter Test 


Factorox y + Oxy + iy 25 
Bactorap; ir op +6 4. 
solve: (2a — 3)(a + 7) =0 6. 
Factor:.x°-+ 2x" — 15x 8. 
Pactors4b -- Ga — 3b — 18 10. 
Factor: 6x? + 19x + 8 12; 
Factor: 2b? — 32 14, 
Pactory ax = p— 16. 
Factor: 2x? + 4x — 5 18. 
Solve: x(x — 8) = —15 20. 
Factor: 18x* — 48xy + 32y? 22: 


Factor 6x7.— 6x 43 10x 
Factor: a(x — 2) +02 — 4) 
Factor: a? — 19a + 48 
Factor: 8x* + 20x — 48 
Solve: 4x? — 1 =0 

Factor: x* — 9x — 36 
Factor: 4a? — 12ab + 9b? 
Factor: 5x? — 45x — 15 
Factor: 4x? — 49y? 

Factor: p> + 12p + 36 


Factor: 2yc— 14y2 = 16y¢ 


The length of a rectangle is 3 cm more than twice the width. The area of the 
rectangle is 90 cm’. Find the length and width of the rectangle. 


The length of the base of a triangle is three times the height. The area of the 


triangle is 24 in’. Find the length of the base of the triangle. 


The product of two consecutive negative integers is one hundred fifty-six. 


Find the two integers. 


11. 


13. 


1S: 
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Cumulative Review Exercises 


Subtractw4s— (—5)'=— 6 — 11 


Simputye(ci 7) a (—2) = 3° (—4) 


Identify the property that justifies the statement. 


(3+8)+7=3+(8+7) 


Simplify: —2[3x — 4(3 — 2x) — 8x] 


Solve: 4 + 3(x — 2) = 13 


Solve: —2 + 4[3x — 2(4-— x) —- 3] =4x +2 


Solve: —4x — 2 = 10 


Graph: y =x 2, 


10. 


12. 


14. 


16. 


Divide: 0.372 + (—0.046) 
Round to the nearest tenth. 


Evaluate —2a? + (2b) — cwhena = —4,b = 2, 
andc = —1. 


Multiply: —5 (—24x?) 


5 10 
Solve: a7 
Solve: 3x — 2 = 12 — 5x 


120% of what number is 42? 


Solve: 9 — 2(4x — 5) < 3(7 — 6x) 


Graph f@) = sox=73 
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17. Find the domain and range of the relation 18. Evaluate f(x) = 6x — 5atx = 11. 
((=5) =4)(S 3) — 2) (17 OC, 2) 76-4) Ms the 
relation a function? 


19. Graph the solution set of x + 3y > 2. 20. Solve by substitution: 6x + y = 7 
Ki Oname 
21. Solve by the addition method: 2x — 3y = —4 22. Add: Gy = 5y — 6) 2h sya 
Oe ay = 
23. Simplify: (—3a*b*) 24. Multiply: (x + 2)(x* — 5x + 4) 
25. Divide: (8x? + 4x — 3) + (2x — 3) 26. Simplify: («*y’*)° 
D7 EACtons of 100" Wii De 28. =Factor: x oxy oy 
29. Factor: 6a° + 224° + 1207 30. Factor: 25a” — 36b* 
Bie Factor 124, — Sony 27y 32. Solve: 3x? + 11x — 20 =0 


33. Find the range of the function given by the equation f(x) = BE a riestiic 
domain. is 110) —5,0) 5,10); 


34. The daily high temperatures, in degrees Celsius, during one week were 
recorded as follows: —4°, —7°, 2°, 0°, —1°, —6°, —5°. Find the average daily 
high temperature for the week. 


35. The width of a rectangle is 40% of the length. The perimeter of the rectangle 
is 42 cm. Find the length and width of the rectangle. 


36. Aboard 10 ft long is cut into two pieces. Four times the length of the shorter 
piece is 2 ft less than three times the length of the longer piece. Find the 
length of each piece. 


37. Company A rents cars for $6 a day and 25¢ for every mile driven. Company 
B rents cars for $15 a day and 10¢ per mile. You want to rent a car for 6 days. 
What is the maximum number of miles you can drive a Company A car if it 
is to cost you less than a Company B car? 


38. An investment of $4000 is made at an annual simple interest rate of 8%. How 
much additional money must be invested at an annual simple interest rate of 
11% so that the total interest earned is $1035? 

39. Astereo that regularly sells for $165 is on sale for $99. Find the discount rate. 


40. Find three consecutive even integers such that five times the middle integer 
is twelve more than twice the sum of the first and third. 





Carpentry requires the application of 
geometric concepts. A cabinet, for 
instance, has sides that must lie in 
parallel planes and doors that are in the 
shape of rectangles. A carpenter also 
applies the geometric principles of 
congruence and similarity; for example, 
the drawers in a dresser may be the 
same size and shape, or they may be 
the same shape but different sizes. 
Similar objects are a topic in Section 5 
of this chapter. 








Algebraic 
Fractions 


911 
9.1.2 
9.1.5 
9.2.1 


9.2.2 


9.3.1 


9.3.2 


9.4.1 
9.5.1 
9.5.2 
9.5.3 
9.5.4 
9.6.1 
971 
97.2 


OBJECTIVES 


Simplify algebraic fractions 
Multiply algebraic fractions 
Divide algebraic fractions 


Find the least common multiple (LCM) of two 
or more polynomials 


Express two fractions in terms of the ao of 
their denominators _ 


Add and subtract algebraic fractions with the . 
same denominator 


Add and subtract algebraic fractions with 
different denominators 


Simplify complex fractions 

Solve equations containing fractions . 
Solve proportions - 
Applications of proportions 

Problems involving similar triangles 

Solve a literal equation for one of the variables 
Work problems 

Uniform motion problems 
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_that enabled hin 
. using é a proportion statement. 





_ Measurement of the Circumference 
ce Earth — . 





Distances on. Harth, the circumference of Earth, and the distance to the moon 
and stars are known to great precision. Eratosthenes, the fifth librarian of _ 
Alexandria 0 B.c.), laid the foundation of scientific geography with his: 


determination of the circumference of Earth. 


_ Eratosthenes was familiar with certain astronomical data 
to calculate the circumference of Earth by © 





_ Eratosthenes knew that on a mid-summer day, the sun was" 


- : directly overhead at Syrene, as Shown | in the diagram. At the © 


same time, at Alexandria the sun was at a 75° angle from the 


zenith. The distance from Syrene to ieandii was 5000 stadia 


- oe 520 mi). 


Knowing that the ratio of the 75 5 angle to one revolution 


(360°) i is equal to the ratio of the arc length (520 mi) to the 


circumference, Eratosthenes was able to write and solve a 


- pope 


This result, calculated over 2000 years ago, is SS close to 


/ the oO value of 24, 800 oe 
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SECTION Q9.l 


Multiplication and Division of 
Algebraic Fractions 














BH Simplify algebraic fractions Co 4 
A fraction in which the numerator and denomina- 
tor are polynomials is called an algebraic fraction. 5 x2 +1 ye = 8 
Examples of algebraic fractions are shown at the Z ad 3xy + 1 
right. 


Care must be exercised with algebraic fractions to ensure that when the variables 
are replaced with numbers, the resulting denominator is not zero. 





Consider the algebraic fraction at the right. ox + 1 
The value of x cannot be 2 because the 2x — 4 
denominator would then be zero. : ; = : a ; NOP ane alate’ 


A fraction is in simplest form when the numerator and denominator have no com- 
mon factors other than 1. The Multiplication Property of One is used to write an 
algebraic fraction in simplest form. 


: ; eee 
® Simplify: >_> 3 
x27 -4 (x — 2)(x + 2) 


Factor the numerator and denominator. a a ee 


eee eee 


eee | Gmc ome 











Sees 
x4 
=e, 
The restrictions x # —2 and x # 4 are nec- = : yt =e 
essary to prevent division by zero. a 


This simplification is usually shown with slashes through the common factors. 
The last simplification would be shown as follows. 


1 
4 (x — 2)ie4+3 x - 


D 
PE Ge ee 
1 


In this problem, it is stated that x ~ —2, 4. Look at the factored form of the origi- 
nal algebraic fraction. 


(x — 2)(x + 2) 
(x — 4)(x + 2) 


If either of the factors in the denominator is zero, then the denominator is zero. 
x+2=0 x-4=0 
x= -2 x=4 


When x is —2 or 4, the denominator is 0. Therefore, for this fraction, x # —2, 4. 
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For the remaining examples, we will omit the restrictions on the variables that pre- 
vent division by zero and assume the values of the variables are such that division 


by zero is not possible. 


Eee: 
® Simplify: ee 
10+ 3x =x? ~ 6 =A FH) 


Factor the numerator and denominator. ea Ge OD 


Divide by the common factors. Remember that 

















=A 
5 — x = —(x — 5). Therefore, aaa) 
eee eet 
eto 1D 1 
: Pees eee rae 
Write the answer in simplest form. = eee « 
; 4x*y* 9 — x? 
Example 1 Simplify. A ety Baer 
1 
: Axty (2 Oxy Dye 
Solut = = > Simplify usi 
olution A éx'y  Z-ax'y 3x > Simplify using the rules of exponents. 
1 
al 
B 9 x2 G26 Ey) Sed 
"xy? +x-12 0 &=3a +4) 4 
1 
Problem 1 Simplify. A. =! eo 
Pee 12. 16 — x? 
Solution See page S19. 


Multiply algebraic fractions 


The product of two fractions is a fraction whose numerator is the product of the 
numerators of the two fractions and whose denominator is the product of the 
denominators of the two fractions. 


Oy Sy ee 
b d_ bd 
2S Ae oN 
3 head 
3x 2 _ 6x 
y 2 YZ 
x +2 3 3(x + 2) 
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: x? + 3x x? — 5x +4 
TE Uy ens pea rea 


x? + 3x ae ee 
x? —-3x-4 x?4+2x -3 
+ = Aa 
Factor the numerator and denominator of = ee) eee 
; (x -—4(x +1) (& + 3) - 1) 
each fraction. 








1 1 1 
Multiply. Divi ,; = et ee 
ultiply. Divide by the common factors = HG eee =a 
1 i t 
Write the answer in simplest form. = ; @ 


eee B eee x Ol eke 
* 12x =8 20x — 25 “x? + 7x + 12 4 — x? 


* i O22 Cae ae, 
Solution Ag 70x 05 


_ dx(2x = 3) Gx = 2) » Factor the numerator and denomi- 
A4(3x — 2) 5(4x — 5) nator of each fraction. 


1 1 
Peon ONs=aS) ox ee) > Multiply. Divide by the common fac- 
2 - 20x—=2)6(4x — 5) tors. 
Ww 


Di(Doge no) : Ane 
i(lee— 5) Write the answer in simplest form 
ecscesi= 6 x? + 3x - 4 
"x? + 7x + 12 4-x? 
Sencha s) ene 2) yam 0 al) 
~ (x + 3\x+4 2-—x)(2+ x) 





1 eit i 
_ &+3e= Der De = 1) 
— B+ DA—F(2 + x) 


t 1 i 


eam 
Dae tee 


Problem 2 Multiply. 
12x + 3x 8x — 12 ger oe aR eee 18. 
"10x -15 9x + 18 9 — x? x? — 7x +6 





Solution See page S19. 
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Divide algebraic fractions (Cy) fe 
The reciprocal of a fraction is a fraction with the numerator and denominator 
interchanged. 

a b 
b a 
ays 1 
Fraction ae aie x2 Reciprocal 
jane oG 
raee ate 


To divide two fractions, multiply by the reciprocal of the divisor. 














a.c_aid_ad 
Dp @ b © We 
a oe ee 
ee ea ye xy 
a we eae 4 4x + 4) 
ie eA x x—-2 x(x — 2) 


The basis for the division rule is shown below. 


a a ia aon ad 
nee SS uh on Bo eee 
Pe oe de dim? «aby Hekbe Sei 
eth a ea! de hao, 


Example 3__ Divide. 


ey eas ORE 2h pO 2 Ok ours 
; te ; us "2x? + 3x -—2 ° 2x7 4+ 7x -4 
, xy? — 3x? 6x? — 2x Se — ores 3 
Solution A St et es eS 
Zi Z; Zz OX 2x 
4 
_ yy 3x) + 2 
z+ 2x Bx=¥) 
1 
yz 
2 
B Qn? + 5x +2 . 3x2 4+ 18x +4 2x? + 5e4+2 2x7 4+ 7x — 4 
shad ink 5 ee ee 


1 i a 
« Cr ez) Cae) 
Ox=TWa+Z (Bx + 1)&+ a 

1 1 1 


eee 
Oxaetoml 


Problem 3 Divide. 


2 


a a ; a 3x7 + 26x +16 | 2x7 + 9x —5 


be he ae are nea 





Solution See page S19. 
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CONCEPT REVIEW 9.1 


Determine whether the statement is always true, sometimes true, or never true. 


i. 


2. 


Algebraic fractions are rational expressions. 


A fraction is in simplest form when the only factor common to both the 
numerator and the denominator is 1. 


Before multiplying two algebraic fractions, we must write the fractions in 
terms of a common denominator. 





The expression is not a real number if x = 0. 


x 
te 2 
The procedure for multiplying algebraic fractions is the same as that for 
multiplying arithmetic fractions. 


When an algebraic fraction is rewritten in simplest form, its value is less 
than it was before it was rewritten in simplest form. 


To divide two algebraic fractions, multiply the reciprocal of the first fraction 
by the second fraction. 





EXERCISES 9.1 


























1. ¥ What is an algebraic fraction? Provide an example. 
De ¥ When is an algebraic fraction in simplest form? 
3: Y For the algebraic fraction — explain why the value of x cannot be 4. 
4. ¥ Explain why the following simplification is incorrect. 
x r ae Ee a gee 4 
1 
Simplify. 

se 6. = a _ 
9 10. == 11. ee 

13. 6x(x — 5) 14 14x3(7 — 3x) 15. a? + 4a 


8x2(5 — x) * 21x(3x — 7) ab + 4b 


12. 


16. 


(2x — 1)° 
(2x — 1)* 





12x2(3 — x) 


18x(3 — x) 


x* — 3x 
26 
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2 
4 — 6x Se) = Si YOY ee 20 EI e 
ee 3x* = 2% oe ee ales a y? — 4y +3 oe Bx eS 
2 a 2 ae 2D x* + 8x + 16 
1. ~ ae eee = IG 22. vale 8 23. = x 24, —————_ 
Co A 6a 7 M609 x2 
eo 4—y? Dx? + 2x? — Ax 
25. ne Ox 10 26. (a Di ee 
25 ene yay 10 Dye 8x 
Bier ey 64 er 2 Qn? -9n +4 
poe ee ee SO 30. 
28 Ga PERCE Dip ag Site 2 
PB Multiply. 
See oye 4a*b> = 25x°y 12x°y* _ 14a°b* 
31. oe he 32. iBx'y? 16ab Oos Tab? | Oxy? 
ae ee 3x —6 10x — 40 Si 12 42a 21 
34. 18atb* | 50x°y 35. x _ 1Ux 36. . 
25x 2/8 0" Sie 205 27x See 14x + 7 32x — 48 
37 Sree 2x 2xye = oy? 38 4q°x — 3a 2b? y + 5b 39 ee OF ee ke 
Sly sy ox 2x" ~  2by+5b 4ax — 3a ; ry x? + 2x +1 
2 es BI LD Dre 5,3 2 
eee eS 1 ee 2... 3 ee 
xy? eae ot 6 Foto xy X* ASK 30 xy 
43 2x = 5x nye ty" 44 3a? +g Gb bab 45 MDM Se IGN 6 
yy ty be = 2K" *  5ab—3b 3a?+ 4a “2 =5e=6 x? + 6x48 
46. hee Sich a kehoe = 10 47. x Qe = 35 xt oer 18 48 yt y= 20 9 + 4y— 20 
x?+3x—-4 x?=9x+4 14 xe de 21 xn? 49x! 18 * -y? 4+-2y 15° y? + 3y — 28 
49 Me Ok = 4. at OX 6 50 25 te 9) t= 8a 20 51 12x? 160. | Qe Oe? 
SS 6n eS 6 Pe = ” #—2n = 35. 1? = Sn = 10 "xe? + 6n45 4x21 
52 Sri ant x4 53 164 6x = ko a= Oe 54 2 We 28 ee 
ee er ey 0 a ie | Re 0 
gp ae + Sx 412 wt — 7x — 30 ge eed See 0 ey. see 3 2x? — 9x 4110 
De TO) x 6x = 40 “x? — 8x-—48 3x? — 22x — 16 Det Sip 16. De Bee 
58. Sy? + l4y 48  2y? + 9y — 5 59 Oxo lly eee live 60 6 in et OX? HE Toe 20 


Qy? + 7y 4 By? + 16y +5 


6x7 +x —-2 8x? + 14x + 3 


4x? +3x—10 2x? + 5x — 12 
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61. ¥ What is the reciprocal of a fraction? 


62. ¥ Explain how to divide two fractions. 


























Divide. 
63, 26. . Sy 64, oy! . s5xty? 65, S12 _. 18x — 36 
15a*b> ~~ 5a*b® *  16a*b? ~  14a7b * 8x +32 ° 10x + 40 
66 28x +14. Mx +7 67 GX Tee OE ee Te 68 5a*y + 3a* . 10ay + 6a 
45% 30) 30x = 20 yet Tae 213 OF B6y S99 "2x3 + 5x2 © 6x? + 15x? 
69. xe AN tS _ xt +1 70. Vo os Ve 71 xia AD Leh laa 49 
x?y xy? 137 = 10 x 20 ees xy? 
ei 6 4ax — 8a . 2y-—x 3x7y — 9 3x7 = x 
a ay Me Be , a oY RY ’ Y aye 
x?-—11x+30 x?-—7x+10 Le (a ce fa a’b ab? 
75 Mert TiO a es OX S 7% Rose 40 hod oni AS 2 Xie me ee ten 
* 4? -9% +18 x?-9x + 20 "x? +2x-35 ~ x? + 3x — 18 "x? — 4x - 45 ° x? - 5x — 36 
78 Vet 00 ave ce Loy +140 79 Srey ee olive 28 80 Ee Ot tees 
y+ 8y+7 8 y?—4y—5 “x24 7x4+10 °° x? -x- 42 "x? —7e +10 40 — 3x - x? 
81 Oe ek ed 82 it i OehLO pa 6 at ft 2 83 Ot 16 ee On aa dl hee 
* 2x2 — 7% — 30 4x? + 12x +9 s 4n? —9 “An? -1 * 6x? -11x+4 8x?+10x+3 
84 1514 81) Ae lo 12 85 Satie lOxne ee OXEt 227 rei 86 LO ti 2 OK gee Oa 
* 4x? + 4e-15 3x? + 13x +4 * 10x? -— 9x +2 ° 10x? + 11x —6 "8x2 2x-15 ~ 10x? - 13x +4 


APPLYING CONCEPTS 9.1 


For what values of x is the algebraic fraction undefined? (Hint: Set the denomina- 
tor equal to zero and solve for x.) 








8 
Est soit ee 89. 
ak (x + 6)(x — 1) (x — 2)(x + 5) fy es 
7 x74 aatan® 
oe x? — 16 2 x>-—x-—6 oe: x2 — 4x —5 
qa ena Gq eee O00) 95. 4x +7 


x? + 6x +9 3x? — 10x — 8 6x? — 5x — 4 
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Simplify. 
3 2 
Vey ab a a (2) + (=| 
96. ie oa 97. a A ple eg 98 y 3y 
en Comnc Or be 101 (esesh 4 } 
a ae oars TOM b od : if Ani 
a = A = 2- PR 6. x7 CR Be pA ae eae 
102. X eche ONie aU enw Sn SRL 48 x 36 103. x x ae he ee 


x7 +2x —-35  x7+3x-18 x*-9 


choose some values of x and evaluate the 





; : 9 
104. Given the expression eo! 


expression for those values. Is it possible to choose a value of x for 
which the value of the expression is greater than 10? If so, what is that value 
of x? If not, explain why it is not possible. 





105. Given the expression 7 : choose some values of y and evaluate the 


3/ 

expression for those values. Is it possible to choose a value of y for 
which the value of the expression is greater than 10,000,000? If so, what is 
that value of y? Explain your answer. 





Seer Gel iON 9:2 
Expressing Fractions in Terms of 
the Least Common Multiple 
(LCM) 





x? +7x +12 x7+x-2 cot 


ea 
HH Find the least common multiple (LCM) of (3) 
two or more polynomials 


The least common multiple (LCM) of two or more numbers is the smallest num- 
ber that contains the prime factorization of each number. 


The LCM of 12 and 18 is 36. 36 contains the prime 12s 
factors of 12 and the prime factors of 18. 1S = 12343 


. 


Factors of 12 
LCM = 36=2-2-3-3 
Factors of 18 
The least common multiple of two or more polynomials is the simplest polyno- 
mial that contains the factors of each polynomial. 


To find the LCM of two or more polynomials, first factor each polynomial com- 


pletely. The LCM is the product of each factor the greatest number of times it 
occurs in any one factorization. 


LOOK CLOSELY 


The LCM must contain the 
factors of each polynomial. 
As shown with braces at the 
right, the LCM contains the 
factors of 4x? + 4x and the 
factors of x? + 2x +1. 


LOOK CLOSELY 


ax = 2) 2x 
are multiplying each fraction 
by 1, so we are not changing 
the value of either fraction. 
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The LCM of 4x? + 4x 
and x7 + 2x + 1 is the 
product of the LCM 


409 


™ Find the LCM of 4x2 + 4x and x2 + 2x + 1. 


Ax? + 4x = 4x(x +1) =2-2+x(x +1) 
+ 2x +1 =(« + 1)(x + 1) 


Factors of 4x? + 4x 
gece, 





of the numerical coeffi- 
cients and each variable 
factor the greatest num- 


LEM = 2.- 2+ x(x + 1) + 1) = 4¢(e4 Di& + 1) 


Factors of x7 + 2x + 1 


ber of times it occurs in 
any one factorization. « 


Example 1 


Solution 





Find the LCM of 4x’y and 6xy’. 
Ax?y=2-2+x-x-y 
6xy7 =2-3-x-y-y 


LOM 202 8 te ay 
= 12x’y’ 


> Factor each 


pletely. 


polynomial com- 


> Write the product of the LCM of 
the numerical coefficients and 
each variable factor the greatest 
number of times it occurs in any 
one factorization. 


Problem 1 Find the LCM of 8uv* and 12uw. 
Solution See page S19. 
Example 2 Find the LCM of x? — x — 6and 9 — x’. 


Solution 


Problem 2 


Solution 


Express two fractions in terms of the LCM 


x? -—x-6=(x — 3)(x + 2) 
9 — x? = —(x? — 9) = —(x + 3)(x — 3) 


LCM = (x — 3) + 2)(x+:3) 
Find the LCM of m? — 6m + 9 and m* — 2m — 3. 
See page S19. 


—ae Ct) 
(0) fe 


of their denominators 


When adding and subtracting fractions, it is often necessary to express two or 
more fractions in terms of a common denominator. This common denominator is 
the LCM of the denominators of the fractions. 


: ; aaa A= 3 
®} Write the fractions = >- and —7—- 


Find the LCM of the de- 


7 in terms of the LCM of the denominators. 


The LCM is 12x?(x — 2). 








nominators. 
For each fraction, multiply petal le BG ey Sie Or 6 
the numerator and denom- Ax? Anceene (02) 12x?(« — 2) Ae 
inator by the factors whose et ee On eee pe 08 
6x? — 12x 6x(x — 2) 2x 12x7(x — 2) 


product with the denomi- 


nator is the LCM. 2 
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i in terms of the LCM of the 





; ; Cae: Ms 
r Example 3 Write the fractions =z and oxy 


denominators. 


Solution The LCM is 24x’y. 
xt+2 x+2 8y _ 8xy + 16y » The product of 3x’ and 8y is the 


SSS 

















| 
3x? 3x7 By 24x*y LCM. 
) x= 1 _. eeu oxlewex Bele > The product of 8xy and 3x is the 
Bxy Sxy 3x 24x*y LCM. 
3 Dela 
) Problem 3 Write the fractions ee and mE in terms of the LCM of the 
| denominators. 
: Solution See page S19. 
Example 4 Write the fractions zea and ~~ in terms of the LCM of 
i DX etx: asta XeeaetO) 
the denominators. 
c 2h +). olive: 4 wena! oe eel ee rc 
SOLUL ODF an aaa (ees tay «F Rewrite =—2 with a denomi 


nator of x* — 2x. 


The LGM is x= 2)(Xe.,8): 








2p Sol eres ee De aie 
x—x? x(x — 2) x +3 x(x — 2)(x + 3) 
x x x ie 


SS eee 


RS Ce ee 


xrtx-6 (x -—2Z(x+3) x x(x — 2)(x + 3) 


Problem 4 _ Write the fractions ae and te in terms of the LCM of 


the denominators. 


FLSA OT IGT ISLS 


r 


Solution See page S19. 


CONCEPT REVIEW 9.2 


Determine whether the statement is always true, sometimes true, or never true. 


r 


The least common multiple of two numbers is the smallest number that con- 
tains all the prime factors of both numbers. 


The LCD is the least common multiple of the denominators of two or more 
fractions. 


The LCM of x7, x°, and x° is x2. 
We can rewrite j as j by using the Multiplication Property of One. 


Rewriting two fractions in terms of the LCM of their denominators is the 
reverse process of simplifying the fractions. 
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To rewrite an algebraic fraction in terms of a common denominator, deter- 
mine what factor you must multiply the denominator by so that the denom- 
inator will be the common denominator. Then multiply the numerator and 
denominator of the fraction by that factor. 





EXERCISES 9.2 


Hl Find the LCM of the expressions. 








do 18x77 DaCnD: 3) Ox ye 4. 12a’b 
ay 18ab? 15x y 18ab? 
De rOk: 6. 6y? Fae 2xci 8. 4xy? 
Ax? + 8x Ay + 12 oe 12% 6xy? + 12y? 
9. 8x7(x — 1)* 10. 3x+3 11. 4x -— 12 12. (x — 1)(x + 2) 
10x°(x — 1) 2x? + 4x +2 2x? — 12x + 18 (x — 1)(x + 3) 
13. (2x — 1)(x + 4) 14. (2x + 3) 15. (x — 7)(x + 2) 16. x-1 
(2x + 1)(x + 4) (2x + 3)(x — 5) (x — 7) x—-2 
(iol) Oe) 
17. (x + 4)(x — 3) 18. x*-x-6 19. x?+ 3x — 10 20. x7+5x+4 
x+4 x7+x—-12 x? +5x-14 x? — 3x — 28 
Xa 
21. x*-— 10x + 21 22. x? — 2x — 24 23. x7+7x+ 10 24. x* — 7x — 30 
x? — 8x + 15 x? — 36 x? — 25 x? — 5x — 24 
25. 2x? -— 7x +3 26. 3x7 -— 11x +6 27. 2x* — 9x + 10 28. 6+x-— 7 
2x7 +x-—1 3x? + 4x — 4 2x7 +x-15 x+2 
x= 3 
29. 15+ 2x — x? 30. 5+ 4x — x 31. x? + 3x — 18 32. x7 -5x+6 
i yi 3-x jee 
(aa aeo vee x -- 6 x-6 
Write each fraction in terms of the LCM of the denominators. 
4.3 pay 6. Ce ee 
33. 5 34. 2 35) tata 
Sy 7 YemeO: mew © 
36. et Oxy 37. x(x ae 3)’ x? 38 Wes yy ae 5) 
a 3 S 
Oe 6 a : a 41. — 
39. (x — 1)’ x(x —_1) — yy + 7)’ (y +7) x— 3’ x3 —- x) 
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42. oi “, 
45. xe : a 

ek = 1’ a 
50. tS ae 
52. ato 2 


3x2 + 4x — 4’ x +2 


ia 5 


ot OE 15h ey GES 


2x eee 


56. 


Ae Marten 3 


58. x +5’ x — 7 35 + 2x — x? 


10 + 3x — x’ x7 — Ox + 15 
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APPLYING CONCEPTS 9.2 


Write each expression in terms of the LCM of the denominators. 


Bee: 
59. 10” 102 
ipod 
63. er 
65 ae Oy a 


a Lye ole ceed 


b a 


67. 7 — a Bf 8b 





8. oo a GF 

ae a7, $3 
49. Te 
51. eee 
ean ee 
Who ss: pe 

60. Sy 61. ;- 62. 3; 

64 a 
6. SS 
68. - 4 


6c + cd + 0 32 — 3 


69. 


x? + 2x + xy + 2y’ x? + xy — 2x — Y 
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: POM ge 
* ab + 3a — 3b — bY ab + 3a + 3b +P 


7k: ¥ When is the LCM of two expressions equal to their product? 





SECTION 9.3 


LOOK CLOSELY 
Be careful with signs when 


subtracting algebraic fractions. 


Note that we must subtract the 
entire numerator 2x + 3. 
sx 1) (2x +3) 

= Ox | 2x3 


Addition and Subtraction of 
Algebraic Fractions 


—, 
a 


Add and subtract algebraic fractions with (Cy 
the same denominator 


When adding algebraic fractions in which the denominators are the same, add the 
numerators. The denominator of the sum is the common denominator. 





Note that the sum 


} is written in 


i ee 2 ee implest form 
PS eS) eH MOF) eH 1 Pao 
1 








When subtracting algebraic fractions in which the denominators are the same, 
subtract the numerators. The denominator of the difference is the common 
denominator. Write the answer in simplest form. 





1 = Dati oe aes ee =2 
1 
CNet 2x+3 — @x-—1)— (+3) 
ew — ox +4 x? —-5x +4 x? — 5x + 4 
bE x—4 
x? — By +4 
1 
eee ae 
= 4)(¢ = 1) 
1 


1 
aan 
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LOOK CLOSELY 


This objective requires using 
the skills learned in the 
objective on writing two 
fractions in terms of the LCM 
of their denominators and the 
objective on adding and 
subtracting algebraic 
fractions with the same 
denominator. 


Example 1 Add or sub A 2a eee 
xample Add or subtract. oe oF =r Bea 
; i _—— Lae > The denominators are the 
Solution A. 2° ¥? ee same. Add the numerators. 
_ 16 
x? 
3x? x+4 _ 3x?-(x +4) > The denominators are the 
B. yo] pee tow same. Subtract the numera- 
Bye = y A tors. 
yt = 1 
1 
— 3x — 4)&+T > Write the answer in simplest 
(x — De form. 
rreov 74 
Yoel 
2 _ Seas 


Problem 1 Add or subtract. A. 


Solution See page S20. 


Add and subtract algebraic fractions with 


different denominators 


“x? —x-12 x*-x-12 


ee 
Lt 


(CC) ies 


Before two fractions with different denominators can be added or subtracted, each 
fraction must be expressed in terms of a common denominator. This common 
denominator is the LCM of the denominators of the fractions. 


5 6 
Iya 








® Add: =— 


x 


Find the LCM of the denominators. 


Write each fraction in terms of the 
LCM of the denominators. 


Multiply the factors in the numerator. 


Add the fractions. 


Factor the numerator to determine 
whether there are common factors in 
the numerator and denominator. 





x? — 24 =a(x— 2) 
x? —4= (x — 2)(x + 2) 


The LCM is x(x — 2)(x + 2). 


ao 6 
x? — 2x 





x - 4 
x(x -—2) x+2 (x—2)\(x+2) x 


x-—x-6 rn 6x 
x(x — 2x +2) x(x — 2)(x + 2) 


x7 —x—-—6+ 6x 
x(x — 2)(x + 2) 


x? + 5x — 6 
x(x — 2)(x + 2) 


(x + 6)(x — 1) 
x(x — 2)(x + 2) 
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Example 2 Add or subtract. 








Ue et enw! ax _ 5 ws 
A. ae B. 3 3-x C. x 5x 
Solution A. The LCM of the de- > Find the LCM of the denomina- 
nominators is 12x. tors. 
Yee Sy 
Xe 3x 4x 


S22 a 


OS AS Oe ANS LCM. 
_ ly _ iby re oy 
12x 12x 1254 


Biel ay 4 a 3y 3 > Write each fraction in terms of the 


























_ 12y — 16y + 9y 
— 12x 
oe oY 
12x 
B. The LEMcof x= "3 Po =) 
and 3 =is x — 3. 
a. 
= B CG 
DG 5 =i! 2 5 —{ 
a SS | a es Pe —_—_—__— i 
Pome ae Multiply aa) by =7 5° that the 
Be oe ee denominator will be x — 3. 
aa tao 
2S (—5) 
CS 
2a 
"27 = 8 
C. The LCM of the denominators is 5x. 
ppanisiarnme. 90; 
5x 1 a 
Bele ee SO 
155% Ox 
5x 5x 
~ASKEa8 
h On 
Problem 2 Add or subtract. 
Z 4z 5z 5x 3 5 
* By By Aad Dea ee SUP tay 





Solution See page S20. 
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2x 1 eine 3 
Example 3 Addorsubtract. A. >—37- 744 B. og eae 








Solution A. The LCM is (2x — 3)(x + 1). 





200) abt lA elles tl a I ee 
De ae Do eel! Sale ce 
Qn? + 2x 2x -— 3 


=O =F 1) Cease) 
= Oe 20) (2x — 3) 
(2x — 3)(x + 1) 
& 2x? + 3 
(ie = BNGeesP 1) 


Be The eCM is Ge — 2G + 2): 


RPE OO ee en lee ee ee) 
xe —-x-8 4—-x &-4(xe+2) -%-4 -1-@+42) 
x +3 —3(x + 2) 


“iG De £2) & Gia Dae) 
_ G3) eae) 
(x — 4)(x + 2) 
aki Oe oe nO 
(x — 4)(x + 2) 
a Mat 
(x — 4)(x + 2) 


Ae 9 Dipl 2 
"3-1 x+4 05 ee 














Problem 3. Add or subtract. A 





Solution See page S20. 


CONCEPT REVIEW 9.3 


Determine whether the statement is always true, sometimes true, or never true. 


1. Toadd two fractions, add the numerators and the denominators. 


2. The procedure for subtracting two algebraic fractions is the same as that for 
subtracting two arithmetic fractions. 


3. To add two algebraic fractions, first multiply both fractions by the LCM of 
their denominators. 


x 
4, Ifx # —2 and x # 0, then —] + 5 GoD oe 


Lot See ty 
5. ity ~ &, then 5 Tes eae l 
4-3 _ 3et Te ae Sere ee 


x x x x 





6. Ifx #0, then 








EXERCISES 9.3 
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Add or subtract. 
3 8 6 p 3 10 
1. S+5 a ~ 
Vaumed a ab ab 3. eT 
4 ee 3 3x 5x 6 by ity 
iP ker Ome BANG SD 2s rete | Ay 47 
eae 3x + 6 Ae OO nO Sei eaten 
7. = = See 9. aes 
aS, Li=3 Dat ae WX, ae, aS, 
Oat OX ee va 7 4x — 3 2n Simo 
10. = 7 = * 
e= 10 = ile a oe eee a 3n +4 3n+4 
x Z 3 3x sf 6 
TS: x*+2x—15 x? + 2x —15 e x74 3x— 10 x7 +13x — 10 
DES Nitec he — al Daas 
e x*—-x-30 x*-—x- 30 Gs x +5x—-6 x? +5x—6 
4y + 7 y= S Comal ace 
Be Dy Cave Ae Dye yy — 4 ac ase 
19 2x? + 3x Di gen ge gt ge ge ol 20 Deo Ove kyo 2a x-7 
tx 920) 9 20, OF 97 220 2x = 68 x Oe 63 x Ses 
21. Y Why must two fractions have the same denominators before they can be 
added or subtracted? 
De Explain the procedure for adding algebraic fractions with different 
denominators. 
Add or subtract. 
45 Lae 5 Ie 35: 
23. - =F 5 24. ; ale b 25. sp 
5 3 1 5 7 i 11 8 
pS ewe eee ee a 
a 3a 4a ae Doe WAX -6x a 4y 6y 3y 
5 D 3 6 3 2 2 3 3 1 
ae oe 81 
eh Syne T by oy ye fy By ae 27a toa #4 
5 7 2 3 tae el 4x — 3 DXi 
on eae ge as tl aay cow oe 
Cie ON MONG iG OE astan 2X Ste =e 
o. 6x 8x oe 2x 3x Sil 9x 5x 
BY Yeo Rea. oi 4 Ke at cae 
See sy, oo aay x? ae x 
eel) ge ae Al eee Deel 4 poe 
ee 2x oo ae 2x SER hOB, 
44. ——n 45. = —t x soe 
ae meme ee 
Mee x71 
47. Se 48. OSes 
et 1 x Sa Mo es 
49. 6x de 30. 6x 8x? 
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el Ie 
Do: 
5D. 
Si. 
Do. 
61. 
63. 
65. 
67. 
69. 
We 
73. 
Los 
Tle 
aoe 


81. 
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ge ey, | eke 2 

































































xy x?y 
ASG On ere Cesta 

3x*y Axy* 
Nee eee, 

8x? 12xy 

4 5 
po ees 

6s ees 
aaa 4 C8 

DX 1 
Cacia = 8 

4X eS 
Di mmalt = 

2a 5 
amv a 

x 3 
x7-9 x-3 
eI a Be 
x>—-x-6 x+2 

She = Al eo 
x?— 10x +25 x-5 
eo 3 
Fae ae 

BG Ez 2 
2x +4 x*+4+ 2x 

ime 3 
Ee aD 
il as x aolnse 
x ap il iO) Ket Ox =O 
OX gual Gesell xe 1 
x-1 x-3 x*-—4x4+3 


APPLYING CONCEPTS 9.3 




















Simplify. 

a b 
83. Aa ae 
Sony 

Yat 5 

89 DAE O nos De 8k 28 
oro: xt+7 x? +4, -21 
91 eek OME erect ate 2 
— POR — 8 xP +2e=—3 x= 1 

LD = Ee — 20 1 
93. pia GarTO Dae 1a saa 





84. 


87. 


Y 
x— Y 
(n + 1)7 
(=a) 





52. 


54. 


56. 


58. 


60. 


62. 


64. 


66. 


68. 


70. 


Tae 


74. 


76. 


78. 


80. 


82. 


x 





vee 


90. 


923 


94, 


3x1 | wes 
xy? xy 
Sxif7 43 
6xy* 8x*y 
Oi alee Xeatene) 
Oxy 









































nes ae ele 
j= 16s ae 

5x per eZ 
x7 +2x-8 x+4 

yh ae 8) pee. 
Gola ae idee 

nO 2. 
x?>-3x-10 5-x 
CMTE Z 
OG Dae ay 

ase 3 
at+a-2 a@+2-3 

ee 5 ices 
a i ee ee) 
Aver Be ae 49x +4 
x — 8 x+A4 x? — 4x — 32 














5 
b+4 
Ny 2) 

(pe 2)e 
She tl) Ae 3 i 

2—x x?+ 3x — 10 





So.) 0s 


88. 1 


Sites D 
ae 








x? — 49 x 
2 6a ea, 


tie eer 20 
x? + 4x —5 





fot 25 Eee 0) 1 
x 10K D5 ee x+1 





95. Find the sum of the following: -+, + 


1 

Oe 
1 1 
ieee 
1 1 
Bins 
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+ 


w 
eee fies 
us 


~ + —— 


1 
4-5 


wo 


-4 


Note the pattern in these sums, and then find the sum of 50 terms, of 100 
terms, and of 1000 terms. 


Rewrite the expression as the sum of two fractions in simplest form. 





96. 5b + 4a 
ab 
3x* + 4xy 
98. ye 





one C 1 © N 


Ee 
POINT OF INTEREST 


There are many instances of 
complex fractions in 
application problems. The 





: 

fraction : is used to 
ae 

determine the total 

resistance in certain electric 

circuits. 


LOOK CLOSELY 
First, we are multiplying the 
complex fraction by = which 


equals 1, so we are not 
changing the value of the 
fraction. Second, we are using 
the Distributive Property to 


multiply | 1 — ~ x? and 


[1 + ‘a 
x 


9.4 


6x + 7 
97. 
xy 
9 eae 2. 
99. mn caren 
mn 


Complex Fractions 


Simplify complex fractions 


A complex fraction is a fraction whose 
numerator or denominator contains one or 3 
more fractions. Examples of complex frac- ee 
tions are shown at the right. a 


4 


172 


© Simplify: 
St 7 


Find the LCM 





of the denominators of the 


fractions in the numerator and denominator. 


Multiply the numerator and denominator 
of the complex fraction by the LCM. 


Simplify. 


419 

















-—_——-_ i wl” 
(Cd) fe} 
ee : ciate 
x = il 
Oa 
oo Coat : 
x xa: 
The LCM of x? and x is x”. 
4 4 
Se ee 
2 2 
ioe Ge aa 
x 
aes 
Se 
2 
1x? +—=+ x? 
x 
ap eek 
x? + 2x 
1 
_ (x -2e+2) 
xbe+ 2 
1 
w= DZ 
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er 4 als 
an nt 2 nee 

Example 1 Simplify. A. > TT B. Hien 
ee aA ie axe 


Rl 
+ 
NIR 








HR 
BI] 








te ~2_1 
x oe 2s re ee 
SO 10 30 x? 
ee een — ere 
Ge Be ba 
2 
1 eos Ape 
— x x 
dy? = oe 
x 
ie GON eS 
x? — 11x + 30 
1 
= =O 3) 
e— Dyin —'6) 
1 
a eS 
0 =16 
1 il 4 3 
Sr Lyte ier 
Problem1 Simplify. A. B. —_* 
co rere 
9 ae x ro) 





Solution See page S20. 
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CONCEPT REVIEW 9.4 


Determine whether the statement is always true, sometimes true, or never true. 


1. A complex fraction is a fraction that has fractions in the numerator and 
denominator. 


2. The first step in simplifying a complex fraction is to find the least common 
multiple of the denominators of the fractions in the numerator and denomi- 
nator of the complex fraction. 


3. To simplify a complex fraction, multiply the complex fraction by the LCM of 
the denominators of the fractions in the numerator and denominator of the 
complex fraction. 


4. When we multiply the numerator and denominator of a complex fraction by 
the same expression, we are using the Multiplication Property of One. 


5. Our goal in simplifying a complex fraction is to rewrite it so that there are no 
fractions in the numerator or in the denominator. We then express the frac- 
tion in simplest form. 



























































4 3 
aes 
6. For the complex fraction Tay on be any real number except 0. 
1 ea 
x x 
EXERCISES 9.4 
ES simplify. 
3 4 Des 28 
ee 9 ae 3 x+4 a x +5 
: 9 16 are oe 
Bes ae x+4 eciee) 
5 emul ee nee 
re) 6 Xa 7 S6 aro 8 See TO 
x 2 ; i ea Poa! 
ee oS a eT x-8 
se 3 ea pe eae 
a 2 2 
9 eee. 10. DXi 1 LS 12. Ve 
4 4 Be eg ima esl 
Sas Dogar tl ne Rex? se ae 
1 6 tees es fee eee 
ee : ay exe 15 aa 16 pe 
13. aoe 14. > 8 : Gale A i Xe 
1-sS 1-=-S 1+-+5 14+--5 
Nu aX sue aD 
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6 8 
ete 2 
oo 18. 
17 mm 8 
ai 
21. aanecaa 22: 
gal 
r+3-— 
25. 0 26. 
+ -=, 
Lee ane 
- D: 
29. = 30. 
De — | eas 
a 
33. 34. 
1+ 
Jo 
Laan 
DX x 
37. i 5 38. 
2 
we Mee = Al 
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APPLYING CONCEPTS 9.4 


Simplify. 
41. 1+ 
AVL Al = 

y 
wv. (t 


49. y 


1 





1 
1+= 
2 





File 


eee 
fea XS 
Zin 74 
haat 
eG 
Xia ee 
1- 
Che = Il 
4 
ee 
She JI 
aa at 
‘ 6 = jl 
1 
totais 
zs j= Il 
18 
SO 
a 2x +1 
epee 
eal 
1+ : 
GD 
3 
1- 
Gece 
4 3 
+ — 
Shear il ge 
6 2 
Kn acral: 
Ap. il ae 
45. 









































2 4 
19 * eta 
i 1 
+ 
4 Nee 
r- 5 
23: 
2, 
Cae rad 
22 
—6+ 
oo Tae 2y +3 
Be 11 
2Y ta 
ies D 
31 sear Il 
. 1 
Gh ers 
Ly z 
ann Chea 
35. mi ; 
x 36 = Il 
3 D 
b=4 bE 
39. =e 
Di ae 
43. 
46. 
b 8 8 
48. (! ) (8-5 + 


How would you explain to a classmate why we multiply the numera- 
tor and denominator of a complex fraction by the LCM of the denomi- 
nators of the fractions in the numerator and denominator? 














y+ 
20. 
1+ 
Qi 
24. 
as 6 
Neel a 
28. 
eo 
Ly 
32. 
1+ 
3 
n+1 
36. 5 
facta 
3 
= 5 
40. 
6 
Kale 
ae 
etl 
iM 
ey 
eye 
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SECTION 9.5 


Equations Containing Fractions 


HM Solve equations containing fractions (Cy 


LOOK CLOSELY 


Note that we are now solving 
equations, not operating on 
expressions. We are not 
writing each fraction in terms 
of the LCM of the 
denominators; we are 
multiplying both sides of the 
equation by the LCM of the 
denominators. 





In the chapter on Solving Equations and Inequalities, equations containing frac- 
tions were solved by the method of clearing denominators. Recall that to clear 
denominators, we multiply each side of an equation by the LCM of the denomi- 
nators. The result is an equation that contains no fractions. In this section, we will 
again solve equations containing fractions by multiplying each side of the equa- 
tion by the LCM of the denominators. The difference between this section and the 
chapter on Solving Equations and Inequalities, is that the fractions in these equa- 
tions contain variables in the denominators. 


oye 1 Adlai 





™ Solve: 











Ax SOX 
Find the LCM of the denominators. The LCM of 4x, 3x, and 6x is 12x. 
Tac eats 
fou te deinmatis ok 8 ee 
Simplify using the Distributive Property. 12% re 1 = 12x(2] = 12>(2| 
7 





Ieee \ nie 2 eae 
il 4x 1 \3x N65 
) 


3(6x% = 1) 42) = 27 


Solve for x. 9x -3+8=14 
9x +5=14 

9x =9 

x=1 


1 checks as a solution. 
The solution is 1. ie 


ere er 
r Example 1 Solve: ~ 


Solution = - s =; > The LCM of x and 2 is 2x. 
pe 
2244 = | = 2x42) 
ae Ds ET 
Ie 6 Lag Le 2 
8 — x? =7x > This is a quadratic equation. 
(=x? 7x — 8 
O=@ +- 8) — 1) 
x+8=0 x-1=0 
x= —-—8 x=1 


Both —8 and 1 check as solutions. 
The solutions are —8 and 1. 


424 Chapter 9 / Algebraic Fractions 


[ Problem 1 Solve: x + ‘ = < 
Solution See page S20. 


Occasionally, a value of a variable in a fractional equation makes one of the 
denominators zero. In this case, that value of the variable is not a solution of the 












































equation. 
2) 4 
® Solve! sarin. hismoe 
Find the LCM of the de- TheLeM lis 7.e— 2. 
nominators. 
2A 1+ 4 
i ae 
Multiply each side of the 2x = 
ee = (7 2) | t= 
equation by the LCM of the ea ae x—2 
denominators. 
Simplify using the Distribu- ae | 2x Be A eee 
tive Property. (e = 2) eo) ee ee Der) 
Solve for x. 2X == Dee 
2X = 1 ieee 
fae 
When x is replaced by 2, the denominators of and —*~ are zero. 
Kee? ine 
Therefore, 2 is not a solution of the equation. The equation has no solution. 
& 
PON eee 2 
Example 2 Solve: pat Oh ea 
Solution bts > The LCM is x — 4. 
SF A\ie ee ed. 
(x — 4) are (5 + 2] 
3x = (x — 4)5 + 12 
3k = Ox = 2012 
BX = 5x 13 
aoe O 
oe 
4 does not check as a solution. 
The equation has no solution. 
Oe GAT 10 
Problem 2 Solve: — Tene iies 


Solution See page S21. 
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pemeenereeg 
@ 


Solve proportions (C5) fe 


Quantities such as 4 meters, 15 seconds, and 8 gallons are number quantities writ- 
ten with units. In these examples, the units are meters, seconds, and gallons. 


A ratio is the quotient of two quantities that have the same unit. 


The length of a living room is 16 ft, and the width is 12 ft. The ratio of the length 
to the width is written 


16ft 16 4 A ratio is in simplest form when the two numbers do not have 


dit 12" 3 a common factor. Note that the units are not written. 


A rate is the quotient of two quantities that have different units. 
There are 2 lb of salt in 8 gal of water. The salt-to-water rate is 


2b nip A rate is in simplest form when the two numbers do not have a 
8gal 4 gal common factor. The units are written as part of the rate. 








A proportion is an equation that states the equality of two ratios or rates. 
Examples of proportions are shown below. 


30 mi _ 15 mi 


4h 2h 





e 
6 


10D 
I 


nle 
ole 


Because a proportion is an equation containing fractions, the same method used to 
solve an equation containing fractions is used to solve a proportion. Multiply each 
side of the equation by the LCM of the denominators. Then solve for the variable. 


=) Solve the proportion : 


= 
a 


: : . 4 2D: 
Multiply each side of the proportion by the LCM of 324) = (3) 
the denominators. 


Solve the equation. = 


The solution is 6. @ 








8 _4 oa ee 

Examples: (Solves) VA a, = Begs isnas 
: chara. 
Solution A. parrot 


Ce 3) = x(x + 3)= > Multiply each side of the pro- 
portion by the LCM of the de- 
8x = (x + 3)4 


nominators. 
8x = 4% + 12 
Ax = 12 
x=3 > Remember to check the solution 


because it is a fractional equation. 


The solution is 3. 
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LOOK CLOSELY 


Itis also correct to write the 
proportion with the loan 
amounts in the numerators and 
the monthly payments in the 
denominators. The solution will 
be the same. 





( 62) ail 
| B. x+4 5x-13 
i 6 12 
i (6% = 13)(x Se fae — (5x a 13)(x ale ee =e 
| (5x — 13)6 = (x + 4)12 
30x — 78 = 12x + 48 
| 18x — 78 = 48 
18x = 126 

| x=7 
| The solution is 7. 
i 2 eae G ee 
| Problem 3 Solve. Ae ie = Spe BS B. mae = yee 
«= Solution See page S21. 

EE [a] 
Applications of proportions (C3) 


r Example 4 


Strategy 


Solution 


Problem 4 


Solution 


Example 5 


Strategy 


SS 


sees 


The monthly loan payment for a car is $29.50 for each $1000 bor- 
rowed. At this rate, find the monthly payment for a $9000 car 
loan. 


To find the monthly payment, write and solve a proportion 
using P to represent the monthly car payment. 


ei > The monthly payments are in the 
1000 9000. ‘ 
aan E numerators. The loan amounts are in 
BLN ed the denominators. 
so0o| 50) 9000(,25) Inators 
265.50 = P 


The monthly payment is $265.50. 


Nine ceramic tiles are required to tile a 
4 ft area. At this rate, how many square 
feet can be tiled with 270 ceramic tiles? 





See page S21. 4 souareiees 


An investment of $1200 earns $96 each year. At the same rate, 
how much additional money must be invested to earn $128 each 
year? 


To find the additional amount of money that must be invested, 
write and solve a proportion using x to represent the additional 
money. Then 1200 + x is the total amount invested. 


LOOK CLOSELY 


Itis also correct to write the 
proportion with the amounts 
earned in the numerators and 
the amounts invested in the 
denominators. The solution will 
be the same. 


Section 9.5 / Equations Containing Fractions 427 


Solution 1200 _ 1200 + x 





> The amounts invested are in the numer- 








96 — 128 
ators. The amounts earned are in the 
denominators. 
25 L200 as , T2200 
2 498 > Simplify 06" 
25) 1200 + x 
128|%] = 129( 128 | 


1600 = 1200 + x 
400 = x 


An additional $400 must be invested. 


Problem 5 Three ounces of a medication are required for a 120-pound adult. 
At the same rate, how many additional ounces of the medication 
are required for a 180-pound adult? 





Solution See page S21. 


Problems involving similar triangles CB) fed 


Similar objects have the same shape but not necessarily the same size. A tennis 
ball is similar to a basketball. A model ship is similar to an actual ship. 


Similar objects have corresponding parts; for example, the rudder on the model 
ship corresponds to the rudder on the actual ship. The relationship between the 
sizes of each of the corresponding parts can be written as a ratio, and each ratio 


will be the same. If the rudder on the model ship is aaa the size of the rudder on 
the actual ship, then the model wheelhouse is a the size of the actual wheel- 


house, the width of the model is aa the width of the actual ship, and so on. 


The two triangles ABC and DEF 


shown at the right are similar. 
Side AB corresponds to DE, side 
BC corresponds to EF, and side 


AC corresponds to DF. The height 
CH corresponds to the height FK. 
The ratios of corresponding parts 


pate a 


are equal. 
AB OE PS SO ee eee da 
DES oe Dre Cae EE ee, EK. 


Because the ratios of corresponding parts are equal, three proportions can be 
formed using the sides of the triangles. 


AB _ AC AB _ BC AG BE 
— a and 


DE DitodwDEvineet Deemed 
Three proportions can also be formed by using the sides and height of the 
triangles. 


PRCH AC CH og 0 BH 
Dee aERY IDE tea, EF FK 
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LOOK CLOSELY 


Vertical angles of 
intersecting lines, parallel 


lines, and angles of a triangle 


are discussed in the section 
on Geometry Problems in the 

_ chapter on Solving Equations 
and Inequalities: 
Applications. 


The corresponding angles in similar triangles are equal. Therefore, 


ZA = ZD, ZB= ZE, and C= aE 


® Triangles ABC and if 
DEF at the right are 
similar. Find the ce 
area of triangle ABC. ae 
A Sine el BD) 12 in. GE 

Solve a proportion to find the height ABe CH 
of triangle ABC. DE &G 

SL. cH 

1D s-—3 

5 Ci 

12 kee 

5 = 4(CH) 

The height is 1.25 in. The base is 5 in. 1.25 = CH 


Use the formula for the area of a tri- A= =bh = 5 (5)(1.25) = 3.125 
angle. 
The area of triangle ABC is 3.125 in’. 
@ 


It is also true that if the three angles of one triangle are equal, respectively, to the 
three angles of another triangle, then the two triangles are similar. 


A line DE is drawn parallel to the base AB in the 
triangle at the right. 2x = 2m and Zy = Zn 
because corresponding angles are equal. 
Because ZC = ZC, the three angles of triangle 
DEC are equal respectively to the three angles 
of triangle ABC. Triangle DEC is similar to tri- 
angle ABC. 





The sum of the three angles of a triangle is 180°. If two angles of one triangle are 
equal to two angles of another triangle, then the third angles must be equal. Thus 
we can say that if two angles of one triangle are equal to two angles of another tri- 
angle, then the two triangles are similar. 


® The lines AB and CD intersect at point O in the A 4cm C 
figure at the right. Angles C and D are right Ls 
angles. Find the length of DO. 





First determine whether Angle C = angle D because they are right angles. 
triangle AOC is similar Angle x = angle y because they are vertical 
to triangle BOD. angles. 
Therefore, triangle AOC is similar to triangle 
BOD because two angles of one triangle are equal 
to two angles of the other triangle. 
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Use a proportion to ACA CO 
find the length of the ee) 
unknown side. Aves) 
7 DO 
7(DO)$ = 7(D0) > 
7 DO 
4(DO) = 7(3) 
4(DO) = 21 
DO = 5.25 
The length of DO is 5.25 cm. #2 
Example 6 _ In the figure at the right, D Cc 
AB is parallel to DC, angles 
B and D are right angles. O 
AB =12m,DC=4m, 
and AC = 18 m. Find the 
length of CO. A B 


Strategy Triangle AOB is similar to triangle DOC. Solve a proportion to 
find the length of CO. Let x represent the length of CO. Then 
18 — x represents the length of AO. 





4 DC CO 
Solution RAG 
ae vs oe 
2 Saux 
1208 wee 1218 x) 
12 Ste 
(18 — x)4 = 12x 
72 — 4x = 12x 
72 = 16x 
45=x 
The length of CO is 45 m. 
Problem 6 In the figure at the right, AB is par- A B 


allel to DC and angles A and D are 
right angles. AB = 10 cm, CD = 4 
cm, and DO = 3 cm. Find the area of 
triangle AOB. 





Solution See page S21. 


CONCEPT REVIEW 9.5 


Determine whether the statement is always true, sometimes true, or never true. 
Ww 


1. The process of clearing denominators in an equation containing fractions is 
an application of the Multiplication Property of Equations. 


2. If the denominator of a fraction is x + 3, then x # 3 for that fraction. 
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The first step in solving an equation containing fractions is to find the LCM 
of the denominators. 


The solutions to an equation containing algebraic fractions must be checked 
because a solution might make one of the denominators equal to zero. 


Suppose, after the clearing of denominators, a fractional equation results in 
a quadratic equation. Then the equation has two solutions. 


Both sides of an equation containing fractions can be multiplied by the same 
number without changing the solution of the equation. 


To solve a proportion, multiply each side of the proportion by the LCM of the 
denominators. 


EXERCISES 9.5 


Dery 


In solving an equation containing fractions, why do we first multiply 
each side of the equation by the LCM of the denominators? 


















































2: A After solving an equation containing fractions, why must we check the 
solution? 
Solve. 
ay 4, 3+8=5 5, Ulam A 
x n x 
7, =+5=9 8 2+3=11 9, 2 +5=—% 
y x i — 4 <4 
See age 7 Rn ae 
MW. 2+—{=—. 2 7 =3-—— 13. 
iene ek 204 EAS 
Nees pale ew een te 
ae By BAGS 92) O25 
7 x+—5 =, 18. x-— =, 19. 
a il Bio e ©? 
200. —=25 +2 Phe mireatid 22. 
23. Y Are the solutions of the equations 2x = 9x and = = the same? Explain 
your answer. att 35 
Solve. 
ee oP 
24. ofa 25. tee 26. 
16 64 x+3_ 5 
2) a2 
9 % 28. 12 é 29. 
18 _ 9 pre 
30. ==; 31. 5 = BD 



































(% oS SS7 
xc 
Da TX 

10. x+2 Pimms 
el 8 
aan ete 

5 = Sita 
Sian n+2 

se 2a 
Fe) pee 
8 5 
7 tae 
ee 
9 27 
eee 
5 10 
of SHEA 
x anc iom 
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1a eS +3 z 

33. — x rep ie Oey 
Cmte x 34. 4 8 35. 3 5 
D 6 9 3 y er 

36. = ——_ a a ae 
x—-1 2x +1 37. x+2 x-2 38. i 14 


39. Elections An exit poll showed that 4 out of every 7 voters cast a ballot in 
favor of an amendment to a city charter. At this rate, how many people voted 
in favor of the amendment if 35,000 people voted? 


40. Business A quality control inspector found 3 defective transistors in a ship- 
ment of 500 transistors. At this rate, how many transistors would be defec- 
tive in a shipment of 2000 transistors? 


41. Construction An air conditioning specialist recommends 2 air vents for 
every 300 ft* of floor space. At this rate, how many air vents are required for 
an office building of 21,000 ft’? 


42. Television Ina city of 25,000 homes, a survey was taken to determine the 
number with cable television. Of the 300 homes surveyed, 210 had cable tele- 
vision. Estimate the number of homes in the city that have cable television. 


43. Cooking Asimple syrup is made by dissolving 2 c of sugar in 5 c of boiling 


water. At this rate, how many cups of sugar are required for 2 c of boiling 
water? 


44. Energy The lighting for a billboard is provided by solar energy. If three 
energy panels generate 10 watts of power, how many panels are needed to 
provide 600 watts of power? 


45. Conservation As part of a conservation effort for a lake, 40 fish were 
caught, tagged, and then released. Later, 80 fish were caught from the lake. 
Four of these 80 fish were found to have tags. Estimate the number of fish in 
the lake. 





46. Conservation Ina wildlife preserve, 10 elk were captured, tagged, and then 
released. Later, 15 elk were captured and 2 were found to have tags. Estimate 
the number of elk in the preserve. 


47. Health A health department estimates that 8 vials of a malaria serum will 
treat 100 people. At this rate, how many vials are required to treat 175 people? 


48. Business A company will accept a shipment of 10,000 computer disks if 
there are 2 or fewer defects in a sample of 100 randomly chosen disks. 
Assume that there are 300 defective disks in the shipment and that the rate 
of defective disks in the sample is the same as the rate in the shipment. Will 
the shipment be accepted? 


49. Business Acompany will accept a shipment of 20,000 precision bearings if 
there are 3 or fewer defects in a sample of 100 randomly chosen bearings. 
Assume that there are 400 defective bearings in the shipment and that the 
rate of defective bearings in the sample is the same as the rate in the ship- 
ment. Will the shipment be accepted? 
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50. 


51. 


52. 


53. 


54. 


BD: 


56. 


D7. 


58. 


Do. 
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ae Om: on 
Cartography Ona map, two cities are 2, in. apart. If g in. on the map rep- 


resents 25 mi, find the number of miles in the distance between the two cities. 


Cartography Ona map, two cities are 52 in. apart. If ; in. on the map rep- 


resents 100 mi, find the number of miles in the distance between the two 
cities. 


Redecorating A painter estimates that 5 gal of paint will cover 1200 ft* of 
wall surface. How many additional gallons are required to cover 1680 ft”? 


Agriculture A 50-acre field yields 1100 bushels of wheat annually. How 
many additional acres must be planted so that the annual yield will be 
1320 bushels? 


Taxes The sales tax on a car that sold for $12,000 is $780. At the same rate, 
how much higher is the sales tax on a car that sells for $13,500? 


Construction To conserve energy and still allow for as much natural light- 
ing as possible, an architect suggests that the ratio of the area of a window to 
the area of the total wall surface be 5 to 12. Using this ratio, determine the 
recommended area of a window to be installed in a wall that measures 8 ft 
by 12 ff. 


Rocketry The engine of a small rocket burns 170,000 Ib of fuel in 1 min. At 
this rate, how many pounds of fuel does the rocket burn in 45 s? 


Catering A caterer estimates that 5 gal of coffee will serve 50 people. How 
much additional coffee is necessary to serve 70 people? 


Paint Mixtures A green paint is created by mixing 3 parts of yellow with 
every 5 parts of blue. How many gallons of yellow paint are needed to make 
60 gal of this green paint? 


The Food Industry A soft drink is made by mixing 4 parts of carbonated 
water with every 3 parts of syrup. How many milliliters of carbonated water 
are in 280 ml of soft drink? 


Solve. Triangles ABC and DEF in Exercises 60 to 67 are similar. Round answers to 
the nearest tenth. 


60. 


Find side AC. 61. Find side DE. 


15cm eee 


a AS eee an 


A 4cm B 9 cm E 








8 in. 





62. 


64. 


66. 


68. 


70. 


Find the height of triangle ABC. 


PF 
a 12m 
= 5m 
A Js; D) 


Find the perimeter of triangle DEF. 


i 


Ay 4 ft —B 


Bs, 


Find the area of triangle ABC. 


7 


12m 


Given BD || AE, BD measures 5 cm, AE 
measures 8 cm, and AC measures 10 cm, 
find the length of BC. 


G 


B D 


A 8) 


Given DE || AC, DE measures 6 in., AC 
measures 10 in., and AB measures 15 in., 
find the length of DA. 


B 


A @ 


63. 


65. 


67. 


69. 


7h: 


dee: a2 
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Find the height of triangle DEF. 


9 ft 





Find the perimeter of eas ABC. 


A 4m 8B 


Find the area of triangle ABC. 


F 


| 
15 cm | 
| 


12 cm D 2>5.em E 


Given AC || DE, BD measures 8m, AD 
measures 12 m, and BE measures 6 m, find 
the length of BC. 


Given MP and NQ intersect at O, NO mea- 
sures 25 ft, MO measures 20 ft, and PO 
measures 8 ft, find the length of QO. 


Q 


M P 
O 


N 
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Given MP and NQ intersect at O, NO measures 73. Given MQ and NP intersect at O, NO measures 


24 cm, MN measures 10 cm, MP measures 12 m, MN measures 9 m, PQ measures 3 m, and 
39 cm, and QO measures 12 cm, find the length MQ measures 20 m, find the perimeter of tri- 
of OP. angle OPQ. 
M M 
N 5 Q 
1? O - 
Q 


Similar triangles can be used as an indirect way to measure inacces- 
sible distances. The diagram at the right represents a river of width 
DC. The triangles AOB and DOC are similar. The distances AB, BO, 
and OC can be measured. Find the width of the river. 


The sun’s rays cast a shadow as shown in the diagram at the right. 
Find the height of the flagpole. Write the answer in terms of feet. 





APPLYING CONCEPTS 9.5 

















Solve. 
2 cer eee Seat a-2 
76. ger 2) Z 5 de 72-50 a) zi 
a6 fe 3 poeta lee FE ee 62 3 
78. Ropes gt et 79 tea 7S eo 


80. 


81. 


Number Problems The sum of a number and its reciprocal is =. Find the 


number. 


Number Problems The sum of the multiplicative inverses of two consecu- 


tive integers is — z. Find the integers. 


82. 


83. 


84. 


85. 


86. 


87. 
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Number Problems The denominator of a fraction is 2 more than the numera- 
tor. If both the numerator and denominator of the fraction are increased by 


3, the new fraction is = Find the original fraction. 


Lotteries Three people put their money together to buy lottery tickets. The 
first person put in $25, the second person put in $30, and the third person put 
in $35. One of their tickets was a winning ticket. If they won $4.5 million, 
what was the first person’s share of the winnings? 


Sports A basketball player has made 5 out of every 6 foul shots attempted. 
If 42 foul shots were missed in the player’s career, how many foul shots were 
made in the player’s career? 


Photography The “sitting fee” for school pictures is $4. If 10 photos cost $10, 
including the sitting fee, what would 24 photos cost, including the sitting fee? 


Fundraising No one belongs to both the Math Club and the Photography 
Club, but the two clubs join to hold a car wash. Ten members of the Math 
Club and 6 members of the Photography Club participate. The profits from 
the car wash are $120. If each club’s profits are proportional to the number of 
members participating, what share of the profits does the Math Club receive? 


Y ¢ Demography The number of Americans aged 65 and over is 

> increasing dramatically. This demographic fact is a concern for the 
medical profession because the ratio of the population who are caregivers 
(ages 50 to 64) to the population needing care (ages 85 and older) will be 
shrinking. The ratios are shown on the chart below. 





Source: Copyright © 1996, USA Today. Reprinted with permission. 


The “aging of America” is also a major concern for the Social Security 
Administration. Because the number of Americans aged 65 and over is 
increasing dramatically, the ratio of the number of workers contributing to 
Social Security to the number of beneficiaries will decrease dramatically dur- 
ing the next few decades. 


Use a resource to find the present and predicted future ratios of the number 
of employees contributing to Social Security to the number of Social Security 
recipients. Write a paragraph describing a proposal for “fixing” the Social 
Security system. 
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The table below shows, for each state and the District 


a of Columbia, the average income of the 20% of families with chil- 


dren that have the highest incomes and the 20% of families with children that 
have the lowest incomes. Also shown is the ratio of these two averages. 


cc 


| 


| 


Source: Meee © 1997, USA A Today, meer with permission. 


OONOD ARWN =| 


State 


. New York 

. Louisiana 

. New Mexico 
. Arizona 

. Connecticut 


. California 

. Florida 

. Kentucky 

. Alabama 

. West Virginia 
. Tennessee 

. Texas 

. Mississippi 

. Michigan 

. Oklahoma 


. Massachusetts 
. Georgia 

. Illinois 

. Ohio 

. South Carolina 


. Pennsylvania 
. North Carolina 
. Rhode Island 

. Washington 

. Maryland 

. Virginia 

. Kansas 

. Oregon 

. New Jersey 

. Indiana 


. Montana 

. South Dakota 
. Idaho 

. Delaware 

. Arkansas 


. Colorado 

. Hawaii 

. Missouri 

. Alaska 

. Wyoming 

. Minnesota 

. Nebraska 

. Maine 

. New Hampshire 
. Nevada 


. lowa 

. Wisconsin 

. Vermont 

. North Dakota 
. Utah 


Dist. of Columbia 


ee ee ee ee ees 
Total U.S, 


Average income of 
bottom fifth of families 
with children 


$6,787 
$6,430 
$6,408 
$7,273 
$10,415 


$9,033 
$7,705 
$7,364 
$7,531 
$6,439 


$8,156 
$8,642 
$6,257 
$9,257 
$7,483 


$10,694 
$9,978 
$10,002 
$9,346 
$8,146 


$10,512 
$9,363 
) $9,914... 
$10,116 
$13,346 


$10,816 
$10,790 

$9,627 
$14,211 
$11,115 


$9,051 
$9,474 
$10,721 
$12,041 
$8,995 


$14,326 
$12,735 
$11,090 
$14,868 
$11,174 
$14,655 
$12,546 
$11,275 
$14,299 
$12,276 
$13,148 
$13,398 
$13,107 
$12,424 
$15,709 


$5,293 


$9,254 


Average income of 
top fifth of families 
with children 


$132,390 
$102,339 

$91,741 
$103,392 
$147,594 


$127,719 
$107,811 

$99,210 

$99,062 

$84,479 
$106,966 
$113,149 
$80,980 
$117,107 
- $94,380 


$132,962 
$123,837 
$123,233 
$111,894 
$96,712 
$124,537 
$107,490 
$111,015 
$112,501 
$147,971 


$116,202 
$110,341 
$97,589 
$143,010 
$110,876 
$89,902 
$93,822 
| $104,725 
$116,965 
$83,434 
$131,368 
$116,060 - 
$100,837 
$129,025 
$94,845 


$120,344 
$102,992 
$92,457 
$116,018 
$98,693 
$104,253 
$103,551 
$97,898 
$91,041 
$110,938 


$149,508 


$117,499 





Ratio 


19.5 
15.9 
14.3 
14.2 
14.2 
14.1 
14.0 
13.5 
13.2 
13.1 


13.1 
13.1 
12.9 
12.7 
12.6 


12.4 
12.4 
12.3 
12.0 
11.9 


418 


11.5 


~Al2 


11.1 
11.1. 


10.7 
10.2 
10.1 
10.1 
10.0 


9.9 
99 
9.8 
S77 
9.3 


9.2 
9.1 
9.1 
8.7 
8.5 


8.2 
8.2 
8.2 
8.1 
8.0 
7.9 
7.7 
75 
a3 
7.1 


28.2 


12.7 
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How were the ratios calculated? What does the ratio of 13.1 for Texas mean? 
Use the ratios for New York and Utah to compare the income statistics in these 


two states. 


In the 1970s, no state had a ratio greater than 10 to 1. Provide an explanation 
for the widening gap between the richest and the poorest. For example, you 
might consider increased technology, a low minimum wage, the decline in 
union membership, or the increase in international trade. 





SECTION 9.6 


Literal Equations 





Solve a literal equation for one of the (Co) fed 
variables 

A literal equation is an equation that contains more than 2x + 3y = 6 

one variable. Examples of literal equations are shown at Aw 2x 2 =i) 
the right. 


Formulas are used to express a relationship among physical quantities. A formula 
is a literal equation that states rules about measurements. Examples of formulas 
are shown below. 


1 1 il : 

Rit ae (Physics) 

Se Oe (Mathematics) 
A=P+ Prt (Business) 


The Addition and Multiplication Properties can be used to solve a literal equation 
for one of the variables. The goal is to rewrite the equation so that the letter being 
solved for is alone on one side of the equation and all numbers and other variables 
are on the other side. 


™® Solve A = P(1 + 1) for i. 


The goal is to rewrite the equation so that 7 is on one 
side of the equation and all other variables are on 


the other side. A.= PQ +i) 
Use the Distributive Property to remove parentheses. A=P+Pi 
Subtract P from each side of the equation. Aer Pies Det Pt 
Ag =P —set 
Se : ' A-P_ Pi 
Divide each side of the equation by P. a 








> 
| 
yy 
I 
t 
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Solution A. I=3— B.  L=a(1 + ct) 
e L=a-+ act 
CR eee a) mae fron, yalbiigato ah 
RI+rl=E } auierods 
Rivtetis 13 bar) == 
RI = —71 
ee 
Rig beet an Ce 
I I 
geil 
Rie 
Problem1 A. Solves =4 ~ LforL.  B.SolveS =a + (n — 1)d forn. 
Solution See page S21. 
Example 2 Solve S =C — rC forC. 
Solution S= Cre 
5S = Ch — 7), o> Factor fiomiC — rC. 
1 s a a > Divide each side of the equation by 1 — r. 
ie ais 
Problem 2 SolveS =C + rC forC. 
Solution See page $22. 


CONCEPT REVIEW 9.6 


Example1 A. Solve! = fo for R. 


B. Solve L = a(1 + ct) for c. 











Determine whether the statement is always true, sometimes true, or never true. 


1. An equation that contains more than one variable is a literal equation. 


2. The linear equation y = 4x — 5 is not a literal equation. 


3. Literal equations are solved using the same properties of equations that are 


used to solve equations in one variable. 


4. In solving a literal equation, the goal is to get the variable being solved for 
alone on one side of the equation and all numbers and other variables on the 


other side of the equation. 


5. 


6. 
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In solving L = a(1 + ct) for c, you need to use the Distributive Property. In 
solving S = C — rC for C, you need to factor. 


We can divide both sides of a literal equation by the same nonzero expression. 





EXERCISES 9.6 


EB Solve the formula for the variable given. 


iv 


11. 


13. 


5: 


17. 





A= 5 bh; h (Geometry) 2. P=a+b+c;b (Geometry) 

d=rt;t (Physics) 4. E=IR;R_ (Physics) 

PV =nRT;T (Chemistry) 6. A=bh;h (Geometry) 

P=2L+2W;L (Geometry) 8. F= =C + 32;C (Temperature conversion) 
A= 5 h(b, + by);b, (Geometry) 10. C= 2 (F — 32);F (Temperature conversion) 
V= 5 An; h (Geometry) 12, P=R-C;C (Business) 

R= = =: S (Business) 14, P= ame R_ (Business) 

A=P+ Prt;P (Business) 16. T=fm—gm;m (Engineering) 
A=Sw+w;w (Physics) 18. a=S-— Sr;S (Mathematics) 


APPLYING CONCEPTS 9.6 





Geometry The surface area of a right circular cylinder is given by the formula 
S = 2arh + 271’, where r is the radius of the base and h is the height of the cylinder. 


19: 


a. Solve the formula S = 2arh + 271? for h. 

b. Use your answer to part (a) to find the height of a right circular cylinder 
when the surface area is 127 in’ and the radius is 1 in. 

c. Use your answer to part (a) to find the height of a right circular cylinder 
when the surface area is 247 in’ and the radius is 2 in. 





S = 12n in2 
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Business Break-even analysis is a method used to determine the sales volume 
required for a company to break even, or experience neither a profit nor a loss, on 
the sale of its product. The break-even point represents the number of units that 
must be made and sold for income from sales to equal the cost of producing the 


product. The break-even point can be calculated using the formula B = = 


where F is the fixed costs, S is the selling price per unit, and V is the variable costs 
per unit. 


IE 
Sea 





20. a. Solve the formula B = for S. 


b. Use your answer to part (a) to find the selling price per desk required for 
a company to break even. The fixed costs are $20,000, the variable costs 
per desk are $80, and the company plans to make and sell 200 desks. 


c. Use your answer to part (a) to find the selling price per camera required 
for a company to break even. The fixed costs are $15,000, the variable costs 


per camera are $50, and the company plans to make and sell 600 cameras. 


Business When markup is based on selling price, the selling price of a product 


=, where C is the cost of the product and r is the 


is given by the formula S = ; 


markup rate. 


—- 


Toa, Or 


21. a. Solve the formula S = 


b. Use your answer to part (a) to find the markup rate on a tennis racket 
when the cost is $112 and the selling price is $140. 


c. Use your answer to part (a) to find the markup rate on a radio when the 
cost is $50.40 and the selling price is $72. 


Electricity Resistors are used to control the flow of current. The total resistance 


of two resistors in a circuit can be given by the formula R = —. where R,; and 
Faniak 

R, are the resistances of the two resistors in the circuit. Resistance is measured in 

ohms. 

22. a. Solve the formula R = ; : j 


—+ — 
1 2 





for R,. 


b. Use your answer to part (a) to find the resistance in R, if the resistance in 
R, is 30 ohms and the total resistance is 12 ohms. 


c. Use your answer to part (a) to find the resistance in R, if the resistance in 
R, is 15 ohms and the total resistance is 6 ohms. 





R 
Electron 
flow 


—+ 
@) con 





erator 
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SECTION 9.7 





LOOK CLOSELY 


Use the information given in 
the problem to fill in the rate 
and time columns of the 
table. Fill in the part of task 
completed column by 
multiplying the two 
expressions you wrote in 
each row. 


Application Problems 
Work problems ( ) 


If a painter can paint a room in 4 h, then in 1h the painter can paint j of the room. 
The painter’s rate of work is : of the room each hour. The rate of work is that part 


of a task that is completed in 1 unit of time. 


A pipe can . a tank in 30 min. This pipe can fill 5 : 9 Of the tank in 1 min. The rate 
of work is = 30 + of the tank each minute. : a ae ae can fill the tank in x min, 
the rate of work for the second pipe is : of the tank each minute. 
In solving a work problem, the goal is to determine the time it takes to complete 
a task. The basic equation that is used to solve work problems is 
Rate of work - Time worked = Part of task completed 
For example, if a faucet can fill a sink in 6 min, then in 5 min the faucet will fill 
7 = : of the sink. In 5 min, the faucet completes : of the task. 
Solve: A painter can paint a ceiling in 60 min. The painter’s apprentice can paint 


the same ceiling in 90 min. How long will it take to paint the ceiling if they work 
together? 


STRATEGY for solving a work problem 





mm For each person or machine, write a numerical or variable expression for 
the rate of work, the time worked, and the part of the task as The 
results can be recorded in a table. - 


Unknown time to paint the ceiling working together: t 
a a ace |= [eam Pat of ak complete 


ma Determine how the parts of the task completed are related. Use the fact 
that the sum of the parts of the task completed must equal 1, the complete 
(task. 
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Fills tank 
in 4t hours 





El 
Fills 7 of the 
tank in 3 hours 


Fills tank 
in t hours 





Fills } of the 
tank in 3 hours 


Uniform motion problems 
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t 7 
a 0 
t 


t = . 
180(¢, te él = 180 +1 


> The part of the task completed by the painter plus the part of 
the task completed by the apprentice must equal 1. 


> Multiply each side of the equation by the LCM of 60 and 90. 


90 
St + 2t = 180 
5t = 180 
[OO 


Working together, they will paint the ceiling in 36 min. 


r Example 1 


Strategy 


Solution 


Problem 1 


Lee Solution 


Asmall water pipe takes four times longer to fill a tank than does 
a large water pipe. With both pipes open, it takes 3 h to fill the 
tank. Find the time it would take the small pipe, working alone, 
to fill the tank. 


m Time for large pipe to fill the tank: t 
m Time for small pipe to fill the tank: 4t 


[ite Pine [Pare 


m= The sum of the parts of the task completed must equal 1. 










= a : el > The part of the task completed by the small 
pipe plus the part of the task completed by the 
a(2 oe 5} es AYP B. | large pipe must equal 1. 
3+ 12=4t 
15:=At 
> ant > t is the time for the large pipe to fill the tank. 
4t = 4(22] aS > Substitute the value of ¢ into the variable 


expression for the time for the small pipe to 
fill the tank. 


The small pipe, working alone, takes 15 h to fill the tank. 


Two computer printers that work at the same rate are working 
together to print the payroll checks for a corporation. After they 
work together for 3 h, one of the printers quits. The second 
requires 2 more hours to complete the checks. Find the time it 
would take one printer, working alone, to print the checks. 


See page $22. 


——_——— 7 
(Cd) f=) 


A car that travels constantly in a straight line at 30 mph is in uniform motion. 
When an object is in uniform motion, its speed does not change. 


LOOK CLOSELY 


Use the information given in 
the problem to fill in the 
distance and rate columns of 
the table. Fill in the time 
column by dividing the two 
expressions you wrote in 
each row. 
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The basic equation used to solve uniform motion problems is 
Distance = Rate - Time 
An alternative form of this equation is written by solving the equation for time: 


Distance 


Rai 2 Time 


This form of the equation is useful when the total time of travel for two objects is 
known or the times of travel for two objects are equal. 


Solve: The speed of a boat in still water is 20 mph. The boat traveled 120 mi down 
a river in the same amount of time it took the boat to travel 80 mi up the river. Find 
the rate of the river’s current. 


STRATEGY for solving a uniform motion problem 





ma For each object, write a numerical or variable expression for the distance, — 
rate, and time. The results can be recorded in a table. 


The unknown rate of the river’s current: r 
pes pet Bee [= Be 


hizo 


ma Determine how the times traveled by the two objects are related. For © 
example, it may be known that the times are oe or the total time may - 
be ae 




















pao = — : > The time spent traveling down 
ae the river is equal to the time 
120 


spent traveling up the river. 








(20 + 1)(20 — a = (20 + (20 - Ne 


(20 — r)120 = (20 + r)80 
2400 — 120r = 1600 + 80r 
—200r = —800 
r=A4 


The rate of the river’s current is 4 mph. 


soe Example 2 


One Neonat Strategy 
36 miin4h 

Solution 

Problem 2 

Solution 








CONCEPT REVIEW 9.7 





A cyclist rode the first 20 mi of a trip at a constant rate. For the 
next 16 mi, the cyclist reduced the speed by 2 mph. The total time 
for the 36 mi was 4 h. Find the rate of the cyclist for each leg of 
the trip. 


m= Rate for the first 20 mi: r 
m= Rate for the next 16 mi: r — 2 


(iis [Rate [Time 
: 16 


mi The total time for the trip was 4 h. 























ea =4 > The time spent riding 
eee the first 20 mi plus the 
rr — 2) 20 a 16 | =rr—2)-4 time spent riding the 
Pry ast next 16 mi is equal to 4h. 
(r — 2)20 + 16r = 4r? — 8r 
20r — 40 + 16r = 4r? — 8r > This is a quadratic 
36r — 40 = 4r? — 8r equation. 


0 = 4r* — 44r + 40 
0 = A(r? — 11r + 10) 


0=r*-—11r+ 10 > Divide each side by 4. 
0 = (r — 10)(r — 1) > Solve by factoring. 
r—10=0 r= =.0 
r= 10 i Al 
fi 2-3110-—-2 f=) 12 > Find the rate for the 
=8 =-] last 16 mi. The solution 


r = 1 mph is not possi- 
ble, because the rate on 
the last 16 mi would be 
= Draphe 


10 mph was the rate for the first 20 mi. 
8 mph was the rate for the next 16 mi. 


The total time for a sailboat to sail back and forth across a lake 6 km 
wide was 3 h. The rate sailing back was twice the rate sailing across 
the lake. Find the rate of the sailboat going across the lake. 


See page S22. 


Determine whether the statement is always true, sometimes true, or never true. 


1, The work problems in this section require use of the equation 


Rate of work - Time worked = 1. 


2. If it takes a janitorial crew 5 hours to clean a company’s offices, then in x 
hours the crew has completed - of the job. 


Section 9.7 / Application Problems 


If it takes an automotive crew x min to service a car, then the rate of work is 


- of the job each minute. 


If only two people worked on a job and together they completed it, and one 


person completed S of the job and the other person completed 55 of the job, 


i t 
then Sree 
Uniform motion problems are based on the equation 
Distance - Rate = Time. 


If a plane flies 300 mph in calm air and the rate of the wind is r mph, then the 
rate of the plane flying with the wind can be represented as 300 — r and the 
rate of the plane flying against the wind can be represented as 300 + r. 





EXERCISES 9.7 


83 Work Problems 


1. 


A park has two sprinklers that are used to fill a fountain. One sprinkler can 
fill the fountain in 3 h, whereas the second sprinkler can fill the fountain in 
6 h. How long will it take to fill the fountain with both sprinklers operating? 


One grocery clerk can stock a shelf in 20 min. A second clerk requires 30 min 
to stock the same shelf. How long would it take to stock the shelf if the two 
clerks worked together? 


One person with a skiploader requires 12 h to remove a large quantity of 
earth. With a larger skiploader, the same amount of earth can be removed in 
4 h. How long would it take to remove the earth if both skiploaders were 
operated together? 


It takes Doug 6 days to reroof a house. If Doug’s son helps him, the job can 
be completed in 4 days. How long would it take Doug’s son, working alone, 
to do the job? 


One computer can solve a complex prime factorization problem in 75 h. A 
second computer can solve the same problem in 50 h. How long would it 
take both computers, working together, to solve the problem? 


Anew machine makes 10,000 aluminum cans three times faster than an older 
machine. With both machines operating, it takes 9 h to make 10,000 cans. 
How long would it take the new machine, working alone, to make 10,000 


cans? 


Asmall air conditioner can cool a room 5°F in 60 min. A larger air conditioner 
can cool the room 5°F in 40 min. How long would it take to cool the room 5°F 
with both air conditioners working? 
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11. 


12. 


13. 


14. 
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16. 


17. 


18. 
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One printing press can print the first edition of a book in 55 min. A second 
printing press requires 66 min to print the same number of copies. How long 
would it take to print the first edition of the book with both presses operating? 


Two welders working together can complete a job in 6 h. One of the welders, 
working alone, can complete the task in 10 h. How long would it take the sec- 
ond welder, working alone, to complete the task? 


Working together, Pat and Chris can reseal a driveway in 6 h. Working alone, 
Pat can reseal the driveway in 15 h. How long would it take Chris, working 
alone, to reseal the driveway? 


Two oil pipelines can fill a small tank in 30 min. Using one of the pipelines 
would require 45 min to fill the tank. How long would it take the second 
pipeline, working alone, to fill the tank? 


A cement mason can construct a retaining wall in 8 h. A second mason 
requires 12 h to do the same job. After working alone for 4 h, the first mason 
quits. How long would it take the second mason to complete the wall? 


With two reapers operating, a field can be harvested in 1 h. If only the newer 
reaper is used, the crop can be harvested in 1.5 h. How long would it take to 
harvest the field using only the older reaper? 


A manufacturer of prefabricated homes has the company’s employees work 
in teams. Team 1 can erect the Silvercrest model in 15 h. Team 2 can erect the 
same model in 10 h. How long would it take for Team 1 and Team 2, work- 
ing together, to erect the Silvercrest model home? 


One computer technician can wire a modem in 4 h. A second technician 
requires 6 h to do the same job. After working alone for 2 h, the first techni- 
cian quits. How long will it take the second technician to complete the 
wiring? 


A wallpaper hanger requires 2 h to hang the wallpaper on one wall of a 
room. A second wallpaper hanger requires 4 h to hang the same amount of 
wallpaper. The first wallpaper hanger works alone for 1 h and then quits. 
How long will it take the second hanger, working alone, to finish papering 
the wall? 


A large heating unit and a small heating unit are being used to heat the water 
in a pool. The large unit, working alone, requires 8 h to heat the pool. After 
both units have been operating for 2 h, the large unit is turned off. The small 
unit requires 9 more hours to heat the pool. How long would it take the small 
unit, working alone, to heat the pool? 


Two machines fill cereal boxes at the same rate. After the two machines work 
together for 7 h, one machine breaks down. The second machine requires 14 
more hours to finish filling the boxes. How long would it have taken one of 
the machines, working alone, to fill the boxes? 








19. 


20. 


Two welders who work at the same rate are riveting the girders of a build- 
ing. After they work together for 10 h, one of the welders quits. The second 
welder requires 20 more hours to complete the welds. Find the time it would 
have taken one of the welders, working alone, to complete the welds. 


A large drain and a small drain are opened to drain a pool. The large drain 
can empty the pool in 6 h. After both drains have been open 1 h, the large 
drain becomes clogged and is closed. The small drain remains open and 
requires 9 more hours to empty the pool. How long would it have taken the 
small drain, working alone, to empty the pool? 


Uniform Motion Problems 


21. 


Pape 


23. 


24. 


25. 


26. 


DA 


28. 


29: 


A camper drove 90 mi to a recreational area and then hiked 5 mi into the 
woods. The rate of the camper while driving was nine times the rate while 
hiking. The time spent hiking and driving was 3 h. Find the rate at which the 
camper hiked. . 


The president of a company traveled 1800 mi by jet and 300 mi on a prop 
plane. The rate of the jet was four times the rate of the prop plane. The entire 
trip took 5 h. Find the rate of the jet plane. 


To assess the damage done by a fire, a forest ranger traveled 1080 mi by jet 
and then an additional 180 mi by helicopter. The rate of the jet was four times 
the rate of the helicopter. The entire trip took 5 h. Find the rate of the jet. 


An engineer traveled 165 mi by car and then an additional 660 mi by plane. 
The rate of the plane was four times the rate of the car. The total trip took 6 h. 
Find the rate of the car. 


After sailing 15 mi, a sailor changed direction and increased the boat’s speed 
by 2 mph. An additional 19 mi was sailed at the increased speed. The total 
sailing time was 4 h. Find the rate of the boat for the first 15 mi. 


On a recent trip, a trucker traveled 330 mi at a constant rate. Because of road 
conditions, the trucker then reduced the speed by 25 mph. An additional 
30 mi was traveled at the reduced rate. The entire trip took 7 h. Find the rate 
of the trucker for the first 330 mi. 


In calm water, the rate of a small rental motorboat is 15 mph. The rate of the 
current on the river is 3 mph. How far down the river can a family travel and 
still return the boat in 3 h? 


The rate of a small aircraft in calm air is 125 mph. If the wind is currently 
blowing south at a rate of 15 mph, how far north can a pilot fly the plane and 
return it within 2 h? 


Commuting from work to home, a lab technician traveled 10 mi at a constant 
rate through congested traffic. Upon reaching the expressway, the technician 
increased the speed by 20 mph. An additional 20 mi was traveled at the 
increased speed. The total time for the trip was 1 h. How fast did the techni- 
cian travel through the congested traffic? 
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As part of a conditioning program, a jogger ran 8 mi in the same amount of 
time as it took a cyclist to ride 20 mi. The rate of the cyclist was 12 mph faster 
than the rate of the jogger. Find the rate of the jogger and the rate of the 
cyclist. 


The speed of a boat in still water is 20 mph. The Jacksons traveled 75 mi 
down the Woodset River in the same amount of time as it took them to return 
45 mi up the river. Find the rate of the river’s current. 


Crystal Lake is 6 mi wide. The total time it took Helena to kayak back and 
forth across the lake was 2 h. Her rate kayaking back was three times her rate 
going out across the lake. What was Helena’s rate kayaking out across the 
lake? 


An express train traveled 600 mi in the same amount of time as it took a 
freight train to travel 360 mi. The rate of the express train was 20 mph greater 
than the rate of the freight train. Find the rate of each train. 


A twin-engine plane flies 800 mi in the same amount of time as it takes a 
single-engine plane to fly 600 mi. The rate of the twin-engine plane is 50 mph 
greater than the rate of the single-engine plane. Find the rate of the twin- 
engine plane. 


A car is traveling at a rate that is 36 mph faster than the rate of a cyclist. The 
car travels 384 mi in the same time as it takes the cyclist to travel 96 mi. Find 
the rate of the car. 


A small motor on a fishing boat can move the boat at a rate of 6 mph in calm 
water. Traveling with the current, the boat can travel 24 mi in the same 
amount of time as it takes to travel 12 mi against the current. Find the rate of 
the current. 


A commercial jet can fly 550 mph in calm air. Traveling with the jet stream, 
the plane flew 2400 mi in the same amount of time as it takes to fly 2000 mi 
against the jet stream. Find the rate of the jet stream. 


A cruise ship can sail 28 mph in calm water. Sailing with the Gulf Stream, the 
ship can sail 170 mi in the same amount of time as it takes to sail 110 mi 
against the Gulf Stream. Find the rate of the Gulf Stream. 


Rowing with the current of a river, a rowing team can row 25 mi in the same 
amount of time as it takes to row 15 mi against the current. The rate of the 
rowing team in calm water is 20 mph. Find the rate of the current. 


A plane can fly 180 mph in calm air. Flying with the wind, the plane can fly 
600 mi in the same amount of time as it takes to fly 480 mi against the wind. 
Find the rate of the wind. 


8 mi 
r 


20 mi 
r+12 





384 mi 
r+36 


96 mi ® 
- 


2400 mi 
550+r 





sss 


2000 mi 


ages +—_—_ 


550-r 
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APPLYING CONCEPTS 9.7 
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42. 


43. 
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Work Problems One pipe can fill a tank in 2 h, a second pipe can fill the 
tank in 4 h, and a third pipe can fill the tank in 5 h. How long would it take 
to fill the tank with all three pipes operating? 


Work Problems A mason can construct a retaining wall in 10 h. The 
mason’s more experienced apprentice can do the same job in 15 h. How long 
would it take the mason’s less experienced apprentice to do the job if, work- 
ing together, all three can complete the wall in 5 h? 


Uniform Motion Problems An Outing Club traveled 32 mi by canoe and 
then hiked 4 mi. The rate by boat was four times the rate on foot. The time 
spent walking was 1 h less than the time spent canoeing. Find the amount of 
time spent traveling by canoe. 


Uniform Motion Problems A motorist drove 120 mi before running out of 
gas and walking 4 mi to a gas station. The rate of the motorist in the car was 
ten times the rate walking. The time spent walking was 2 h less than the time 
spent driving. How long did it take for the motorist to drive the 120 mi? 


Uniform Motion Problems Because of bad weather, a bus driver reduced 
the usual speed along a 150-mile bus route by 10 mph. The bus arrived only 
30 min later than its usual arrival time. How fast does the bus usually travel? 
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Negations and [f... then... Sentences 


The sentence “George Washington was the first president of the United States” is 
a true sentence. The negation of that sentence is “George Washington was not the 
first president of the United States.” That sentence is false. In general, the negation 
of a true sentence is a false sentence. 


The negation of a false sentence is a true sentence. For instance, the sentence “The 
moon is made of green cheese” is a false sentence. The negation of that sentence, 
“The moon is not made of green cheese,” is true. 


The words all, no (or none) and some are called quantifiers. Writing the negation of 
a sentence that contains these words requires special attention. Consider the sen- 
tence “All pets are dogs.” This sentence is not true because there are pets that are 
not dogs; cats, for example, are pets. Because the sentence is false, its negation 
must be true. You might be tempted to write “All pets are not dogs,” but that sen- 
tence is not true because some pets are dogs. The correct negation of “All pets are 
dogs,” is “Some pets are not dogs.” Note the use of the word some in the negation. 
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Now consider the sentence “Some computers are portable.” Because that sentence 
is true, its negation must be false. Writing “Some computers are not portable” as 
the negation is not correct, because that sentence is true. The negation of “Some 
computers are portable” is “No computers are portable.” 


The sentence “No flowers have red blooms” is false, because there is at least one 
flower (roses, for example) that has red blooms. Because the sentence is false, its 
negation must be true. The negation is “Some flowers have red blooms.” 


Statement 
All A are B. 


Negation 






Some A are not B. 


No A are B. Some A are B. 
Some A are B. No A are B. 
Some A are not B. | All A are B. 
Write the negation of the sentence. 
1. All cats like milk. 2. All computers need people. 
3. Some trees are tall. 4, Some vegetables are good for you 
to eat. 
5. No politicians are honest. 6. No houses have kitchens. 
7. All police officers are tall. 8. All lakes are not polluted. 
9. Some banks are not open on 10. Some colleges do not offer night 
Sunday. classes. 
11. Some drivers are unsafe. 12. Some speeches are interesting. 
13. All laws are good. 14. All Mark Twain books are funny. 
15. All businesses are not profitable. 16. All motorcycles are not large. 


A premise is a known or assumed fact. A premise can be stated using one of the 
quantifiers (all, no, none, or some) or can be stated using an If... then... sentence. 
For instance, the sentence “All triangles have three sides” can be written “If a 
figure is a triangle, then it has three sides.” 


We can write the sentence “No whole numbers are negative numbers” as an [f... 
then... sentence: “If a number is a whole number, then it is not a negative number.” 


Write the sentence as an If... then... sentence. 


17. All students at Barlock College 18. All baseballs are round. 
must take a life science course. 


19. All computers need people. 20. All cats like milk. 

21. No odd number is evenly divis- 22. No rectangles have five sides. 
ible by 2. 

23. All roads lead to Rome. 24. All dogs have fleas. 

25. No triangle has four angles. 26. No prime number greater than 2 


is an even number. 
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FA Calculators 


A calculator is an important tool for problem solving. It can be used as an aid to 
guessing or estimating a solution to a problem. Here are a few problems to solve 
with a calculator. 


1. Choose any positive integer less than 9. Multiply the number by 1507. Now 
multiply the result by 7519. What is the answer? Choose another positive 
single-digit number and again multiply by 1507 and 7519. What is the answer? 
What pattern do you see? Why does this work? 


2. Are there enough people in the United States so that if they held hands ina line, 
they would stretch around the world at the equator? To answer this question, 
begin by determining what information you need. What assumptions must you 
make? 


3. Which of the reciprocals of the first 16 natural numbers have a terminating 
decimal representation and which have a repeating decimal representation? 


4, What is the largest natural number n for which 4" >1-2-3:+ +--+ +n? 


5. Calculate 15°, 35’, 65’, and 857. Study the results. Make a conjecture about a rela- 
tionship between a number ending in 5 and its square. Use your conjecture to 
find 75’ and 95*. Does your conjecture work for 125”? 


6. Find the sum of the first 1000 natural numbers. (Hint: You could just start 
adding 1+2+3+4+---, but even if you performed one operation each 
second, it would take over 15 minutes to find the sum. Instead, try pairing the 
numbers and then adding the numbers in each pair. Pair 1 and 1000, 2 and 999, 
3 and 998, and so on. What is the sum of each pair? How many pairs are there? 
Use this information to answer the original question.) 


7. For a borrower to qualify for a home loan, a bank requires that the monthly 
mortgage payment be less than 25% of the borrower’s monthly take-home 
income. A laboratory technician has deductions for taxes, insurance, and retire- 
ment that amount to 25% of the technician’s monthly gross income. What mini- 
mum gross monthly income must this technician earn to receive a bank loan 
that has a mortgage payment of $1200 per month? 





rojects and Group Activities 





Intensity of Iumination 


You are already aware that the standard unit of length in the metric system is the 
meter (m) and that the standard unit of mass in the metric system is the kilogram 
(kg). You may not know that the standard unit of light intensity is the candela. 
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The rate at which light falls upon a one-square-unit area of surface is called the 
intensity of illumination. Intensity of illumination is measured in lumens (lm). A 
lumen is defined in the following illustration. 


Picture a source of light equal to 1 candela 
positioned at the center of a hollow sphere 
that has a radius of 1 m. The rate at which 
light falls upon 1 m’ of the inner surface of 
the sphere is equal to one lumen (1 Im). If a 
light source equal to 4 candelas is posi- 
tioned at the center of the sphere, each 
square meter of the inner surface receives 
four times as much illumination, or 4 lm. 





Light rays diverge as they leave a light source. The light that falls upon an area of 
1 m’ at a distance of 1 m from the source of light spreads out over an area of 4 m* 
when it is 2 m from the source. The same light spreads out over an area of 9 m7 
when it is 3 m from the light source and over an area of 16 m* when it is 4 m from 
the light source. Therefore, as a surface moves farther away from the source of 
light, the intensity of illumination on the surface decreases from its value at 1 m 


2 
value at 4 m. 


2 2 2 
to 2) OK i that value at 2 m; to 2) ,or 5 that value at 3 m; and to 2] OL a that 


Point source 
of light 





The formula for the intensity of illumination is 


= 


lS 


where I is the intensity of illumination in lumens, s is the strength of the light 
source in candelas, and r is the distance in meters between the light source and the 
illuminated surface. 


A 30-candela lamp is 0.5 m above a desk. Find the illumination on the desk. 


Oa 
30 
I= Goa = 120 


The illumination on the desk is 120 Im. 
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- A 100-candela light is hanging 5 m above a floor. What is the intensity of illu- 
mination on the floor beneath it? 


. A 25-candela source of light is 2 m above a desk. Find the intensity of illumi- 
nation on the desk. 


. How strong a light source is needed to cast 20 lm of light on a surface 4 m from 
the source? 


. How strong a light source is needed to cast 80 lm of light on a surface 5 m from 
the source? 


. How far from the desk surface must a 40-candela light source be positioned if 
the desired intensity of illumination is 10 Im? 

. Find the distance between a 36-candela light source and a surface if the inten- 
sity of illumination on the surface is 0.01 Im. 


. Two lights cast the same intensity of illumination on a wall. One light is 6 m 
from the wall and has a rating of 36 candelas. The second light is 8 m from the 
wall. Find the candela rating of the second light. 


. A 40-candela light source and a 10-candela light source both throw the same 
intensity of illumination on a wall. The 10-candela light is 6 m from the wall. 


Find the distance from the 40-candela light to the wall. 
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Key Words 


An algebraic fraction is a fraction in which the numerator or 
denominator is a variable expression. An algebraic fraction is 
in simplest form when the numerator and denominator have 
no common factors other than 1. (Objective 9.1.1) 


The reciprocal of a fraction is that fraction with the numerator 
and denominator interchanged. (Objective 9.1.3) 


The least common multiple (LCM) of two or more numbers is the 
smallest number that contains the prime factorization of each 
number. (Objective 9.2.1) 


A complex fraction is a fraction whose numerator or denomina- 
tor contains one or more fractions. (Objective 9.4.1) 


A ratio is the quotient of two quantities that have the same unit. 
A rate is the quotient of two quantities that have different units. 
A proportion is an equation that states the equality of two ratios 
or rates. (Objective 9.5.1) 


A literal equation is an equation that contains more than one 
variable. A formula is a literal equation that states rules about 
measurements. (Objective 9.6.1) 


aes : ' ; : 
— 3 is an algebraic fraction in simplest 





form. 


ns 


Y 
x—- 7 





is 





The reciprocal of 


The LCM of 8 and 12 is 24 because 24 is the 
smallest number that is a multiple of both 8 
and 12. 


1 
ote 
ans & 
: is a complex fraction. 


x 





31 om 8m 


Be ugn SS itsgn itt 0 3 
proportions. 








are examples of 


2x + 3y = 6is an example of a literal equa- 
tion. A = mr’ is a literal equation that is 
also a formula. 
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Essential Rules and Procedures 


Simplifying Algebraic Fractions 
Factor the numerator and denominator. Divide by the common 
factors. (Objective 9.1.1) 


Multiplying Algebraic Fractions 

Multiply the numerators. Multiply the denominators. Write 
the answer in simplest form. 

wo eC ac 


eal (Objective 9.1.2) 


Dividing Algebraic Fractions 

To divide two fractions, multiply by the reciprocal of the 
divisor. 

Aine ane der (a 


$262.2 _M (Objective 9.1.3) 


Adding and Subtracting Algebraic Fractions 


1. Find the LCM of the denominators. 
2. Write each fraction with the LCM as the denominator. 


3. Add or subtract the numerators. The denominator of the 
sum or difference is the common denominator. 


4. Write the answer in simplest form. 
(Objective 9.3.2) 


Simplifying Complex Fractions 

Multiply the numerator and denominator of the complex frac- 
tion by the LCM of the denominators of the fractions in the 
numerator and denominator. (Objective 9.4.1) 


Solving Equations Containing Fractions 

Clear denominators by multiplying each side of the equation 
by the LCM of the denominators. Then solve for the variable. 
(Objective 9.5.1) 
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Similar Triangles 

Similar triangles have the same shape but not necessarily the 
same size. The ratios of corresponding sides of similar tri- 
angles are equal. The ratio of corresponding heights is equal to 
the ratio of corresponding sides. (Objective 9.5.4) 


Solving Literal Equations 

Rewrite the equation so that the letter being solved for is alone 
on one side of the equation and all numbers and other vari- 
ables are on the other side. (Objective 9.6.1) 


Work Problems 
Rate of work - Time worked = Part of task completed 
(Objective 9.7.1) 


Uniform Motion Problems 
Distance + Rate = Time (Objective 9.7.2) 











Pe eared Oxy 9 

1. Multiply: i5x'y ° 16a : 
3. Solve 4x + 3y = 12 for x. 4, 
eeOOc = ox 40x" = 904 6 

o. Diyides ee eae 12a 


Add: 


Simplify: 
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Triangles ABC and DEF are similar tri- 
angles. The ratios of corresponding sides 


and corresponding heights is ei 


3 
F 
6 cm 
9 cm 
C 2cm 
3 cm a 
2 5 cm B D 15 cm E 


Solve A = 5 bh for b. 


2(A) = ol} bn| 


2A =bh 
2A _ bh 
ih, aich 
Awe 

ari ke 


Pat can do a certain job in 3 h. Chris can do 
the same job in 5 h. How long would it take 
them, working together, to get the job 
done? 


tia] 


QIl> 
Oil 


Train A’s speed is 15 mph faster than Train 
B’s speed. Train A travels 150 mi in the 
same amount of time as it takes Train B to 
travel 120 mi. Find the rate of Train B. 





hapter Review Exercises 











120 _ _150 
r rae 15 
4 

Oia. Dat nO 
y ee oxy” 
Simplify: Day” 

= 16 
ee 
88 
Bye = th = 


456 


wd" 
13. 
15. 
7. 
193 


20. 


Zs 


23. 


Pas 


Dae 


Zo: 


31. 


33. 


OD: 


37. 
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Find the LCM of 24a7b° and 36a°b. 


Write each fraction in terms of the LCM of the 
denominators. 


Bes 
16x’ 8x? 
2 2 
Ge ee AS yk id — 21 
DVI arg pe Se 0 
ge" + 10s? 20x —4 


Multiply: (7-7 & + 208 


Find the LCM of 5x4(x — 7)? and 15x(x — 7). 

















3 4p te 5 
CONC ae ea 
Fi aan Zen) Sel 
SiMIpliiye 7g Pog tO 


Triangles ABC and DEF at the right are similar. 


Find the perimeter of triangle ABC. 














DOS Aer 
Solve: 73-43. 
x-1  38x-2 , 5x? + 15x - 11 
Add: 9 + Sa x? — 3x — 10 
x? + x — 30 


Dh ee 


rte 
Simplify: ae 











np. 
= she —= 





Mide = 2 
a b 


Solve i = a for c. 


aD. 
Solve: ns =2 


10. 


12: 
14. 
16. 


18. 


B 
A CD leh 


22. 


24. 


26. 
28. 
30. 
32. 


34. 


36. 


38. 


5 


AG: XG 
Subtract: >— ar 


: .- 2x? — 13x — 45 
Simpy 3? =z 5, 














2y 3 
Add: 74 + 75 
Signe 3x + 4 
Subtract: sas, 3 + 5x3 
Gn eas 
DOV: ap = ere 


: -¢. 12a°b(4x — 7) 
Simplify: TRA eacis i 


lg 











iZame 
L209 eee 
: = 1 esta: 
Simplify: ————— 
6 a 2 
epee a 


8x7 + 250 (= 3: soe OD 


Divide: ~ 7 — ca, + Si aS bao 


% 


OMe ae 
solver5 a5 = 2 7 


sg Oke a Ae ee Oe 
Multiply: 7 08 ay 0 


Solve x — 2y = 15 for x. 


Find the LCM of 10x? — 11x +3 and 
20x? — 17x + 3. 


Solve: eee 
a 8 


seaside x—-2 
Add: 15x a 20x 
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6a4= 9s 8a? — 1345.6 


Multiply: iSO Ow gt 40. es each fraction in terms of the LCM of the 
enominators. 
me Ax? 


12x? = lox = 3’ Gx Fx — 8 


mos Ja SO 220 BINS 

Add: 4ab ai 4ab 42. Solve: ea — 16 
So ser 6a°b’ | 12a°b' 
Solve: = —- === ee 
C3 os Ss 44. Divide: oy Beae 


A brick mason can construct a patio in 3 h. If the mason works with an 
apprentice, they can construct the patio in 2 h. How long would it take the 
apprentice, working alone, to construct the patio? 


A weight of 21 Ib stretches a spring 14 in. At the same rate, how far would a 
weight of 12 lb stretch the spring? 


The rate of a jet is 400 mph in calm air. Traveling with the wind, the jet can 
fly 2100 mi in the same amount of time as it takes to fly 1900 mi against the 
wind. Find the rate of the wind. 


A gardener uses 4 oz of insecticide to make 2 gal of garden spray. At this rate, 
how much additional insecticide is necessary to make 10 gal of the garden 


spray? 


One hose can fill a pool in 15 h. A second hose can fill the pool in 10 h. How 
long would it take to fill the pool using both hoses? 


A car travels 315 mi in the same amount of time as it takes a bus to travel 
245 mi. The rate of the car is 10 mph greater than that of the bus. Find the rate 











of the car. 
hapter Test 
ae. ye + Bx +2  x~*-x-6 A 2x cv 4 
Divide: 7x 44° x 42x 215 2) Subttact Aree 0.e Peers 
3 Q 
Bind the LCM of 6% —3 and 2x* + x — 1. BOWE eg aa eee 
eed 
xy xx = 2 : i eo 
RD err | are i 6. Simplify: eee 
x? 
Write each fraction in terms of the LCM of the Sa solve ax oY 4°15 = Olfony, 
denominators. 
3 x 


x? — 2x’ x2 — 4 
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9. 


11. 


a3: 


15. 


17. 


19. 


2h. 


23: 


24. 


25: 
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Solves? ==), 
a 


IMR Sy 6 
Divide: asa, 47 5 


x? — 13x + 40 
x? — 4x —5 


Find the LCM of 3x? + 6x and 2x* + 8x + 8. 








3x _ 10 
Solve: —; Re aes 
z wen 12% ty? 

Simplify: 18xy7 


Oe 2 
SOW: ey ee 








Write each fraction in terms of the LCM of the 


denominators. 


eee eee 
x(1 — x)’ (x + Ix - 1) 


10. 


12. 


14, 


16. 


18. 


20. 


22. 


Subtract: ws = SS 

Subtract: =, a = 
Simplify: a 

Solve f = v + at for t. 











DZ 
Subtract: en 
5S 2 
ae xy eam? 
Multiply: YE eae xy? 
fu. 1D 
. : ne 
Simplify: ae ee 
2 


me 


A salt solution is formed by mixing 4 lb of salt with 10 gal of water. At this 
rate, how many additional pounds of salt are required for 15 gal of water? 


A small plane can fly at 110 mph in calm air. Flying with the wind, the plane 
can fly 260 mi in the same amount of time as it takes to fly 180 mi against the 


wind. Find the rate of the wind. 


One pipe can fill a tank in 9 min. A second pipe requires 18 min to fill the 
tank. How long would it take both pipes, working together, to fill the tank? 


-C umulative Review Exercises 








Evaluate: —|—17| 
Simplify: (2) = 3 — 2) a : 


simplify: —2% = (—3y) 4-704 Sy 
Solve: 3 — re —8 


Find 165% of 60. 


10. 


Evaluate: -; - (2) 


Evaluate —a* + (a — b)? whena = —2 and 
b = 3. 


Simplify: 2[3x% = 7(@& —"3) = 8]: 
Solve: 3[x — 2(x — 3)] = 2(3 — 2x) 


Solve: > x <i 


it 


13. 


15; 


17. 


19: 


2k: 


23. 


Zoe 


Zl. 


20; 


31. 


Solve: x — 2 = 4x — 47 


Graph: f(x) = 3x + 2 


Graph the solution set of 5x + 2y < 6. 


Evaluate f(x) = 4x — 3 atx = 10. 


Solve by the addition method: 2x — 3y = 4 


AA Yah 


Simplify: (a*b°)? 


Multiply: (a — 3b)(a + 4b) 


Divide: (x* — 8) + (x — 2) 


Factor y-—7y +6 


Factor: 4b? — 100 


x? + 3x — 28 


Simplify: —7—2 


12. 


14, 


16. 


18. 


20. 


a2: 


24, 


26. 


28. 


30. 


32. 
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Graph:y = 2 — 1 


Graphix = 3 


Find the range of the function given by the 
equation f(x) = —2x +11 if the domain is 
{—8F—4 07377}: 


Solve by substitution: 6x — y = 1 
omer eel 


Multiply: (@xy*)(—2x%y) 


2p 5: 
Simplify: 
oe 15b* — 5b? + 10b 
Divide: = ae 
Factor: 12x? — x — 1 


Factor: 2a° + 7a* — 15a 


Solve: (x + 3)(2x — 5) =0 


re or Or 10. es oe 20 
DIIGO: epee oe at 
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95: 


oD. 


36. 


oy. 


38. 


59: 


40. 
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eka geet? ee 
Subtract:=- 4 a 34. Solve: 








Solve f =v + at for a. 


Translate “the difference between five times a number and eighteen is the 
opposite of three” into an equation and solve. 


An investment of $5000 is made at an annual simple interest rate of 7%. How 
much additional money must be invested at an annual simple interest rate of 
11% so that the total interest earned is 9% of the total investment? 


A silversmith mixes 60 g of an alloy that is 40% silver with 120 g of another 
silver alloy. The resulting alloy is 60% silver. Find the percent of silver in the 
120-gram alloy. 


The length of the base of a triangle is 2 in. less than twice the height. The area 
of the triangle is 30 in’. Find the base and height of the triangle. 


One water pipe can fill a tank in 12 min. A second pipe requires 24 min to fill 
the tank. How long would it take both pipes, working together, to fill the 
tank? 








Drafters prepare detailed drawings from 
sketches and specifications made by 
architects, designers, engineers, and 
scientists. Usually drafters specialize in 
a particular field, such as architectural, 
civil, mechanical, electrical, or 
aeronautical drafting. The study of 
radical expressions is important for 
drafters because working with right 
triangles requires radicals. See 

Section 4 of this chapter. 


Radical 
Expressions 


10.1.1 
10.1.2 
10.2.1 
10.3.1 
10.3.2 
10.4.1 


10.4.2 


OBJECTIVES 


Simplify numerical radical expressions 
Simplify variable radical expressions 
Add and subtract radical expressions 
Multiply radical expressions 

Divide radical expressions 


Solve equations containing one or more 
radical expressions 


Application problems 
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A Table of Square Roots” a 





The practice of finding the square root of a number has existed for atleast __ 

two thousand years. The process of finding a square root is tedious and time- 

consuming. Therefore, before the advent of the hand-held calculator, it was _ 
convenient to have tables of equate roots. 


The table shown at the left is part of an old Babylonian aay 
table that was written around 350 B.c. It is an incomplete table 
of square roots written in a style called cuneiform. 


The number base of the Babylonians was 60 instead of the — 
10 we use today. The symbol Y was used for 1, and 10 was 
written as —4. Examples of numbers written using this system 
are given below. 





A translation of the first two lines of the table is given below. 
The number in parentheses is the equivalent base-10 number 
that would be used today. You might try to translate the third 
line. The answer appears at the bottom of this page. 


40 X 60 + 1 (= 2401), which is the square of 49 
41 X 60 + 40 (= 2500), which is the square of 50 





Answer: 43 X 60 + 21 (= 2601), which is the square of 51. 
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SetHasG. LL) OnN 





POINT OF INTEREST 


The radical symbol was first 
used in 1525, when it was 
written as ”. Some historians 
suggest that the radical 
symbol also developed into 
the symbols for “less than” 
and “greater than.” Because 
typesetters of that time did 
not want to make additional 
symbols, the radical was 
rotated to the position ~ and 
used as a “greater than” 
symbol and rotated to — and 
used for the “less than” 
symbol. Other evidence, 
however, suggests that the 
“less than” and “greater 
than” symbols were 
developed independently of 
the radical symbol. 


LOOK CLOSELY 


To find the square root of a 
perfect square, write the 
prime factorization of the 
radicand in exponential form. 
Remove the radical sign and 
divide each exponent by 2. 


10.1 
Introduction to Radical 
Expressions 





Simplify numerical radical expressions 


A square root of a positive number x is a number whose square is x. 
A square root of 16 is 4 because 4” = 16. 
A square root of 16 is —4 because (—4)* = 16. 


Every positive number has two square roots, one a positive number and one a 
negative number. The symbol V _, called a radical sign, is used to indicate the 
positive or principal square root of a number. For example, \/16 = 4 and 
\V25 = 5. The number or variable expression under the radical sign is called the 
radicand. 


When the negative square root of a number is to be found, a negative sign is 
placed in front of the radical. For example, —V/16 = —4 and —\V/25 = —5. 


The square of an integer is a perfect square. 7? = 49 

49, 81, and 144 are examples of perfect OP ==-8 1 
squares. 127 = 144 

An integer that is a perfect square can be 49=7-7=7' 


81=3-3-3-3=3% 
[Ad = 2D 903s =? 


written as the product of prime factors, each 
of which has an exponent that is an even 
number when expressed in exponential form. 


To find the square root of a perfect square written in exponential form, remove the 
radical sign, and divide each exponent by 2. 


=) Simplify: V.625 


Write the prime factorization of the radicand in expo- V'625 = V54 
nential form. 

Remove the radical sign, and divide the exponent by 2. = 5 
Simplify. =-2 @ 


The square root of a negative number is not a real number because the square of 
a real number is always positive or zero. 


\/ —4 is not a real number. 
VV —25 is not a real number. 


If a number is not a perfect square, its square root can only be approximated. For 
example, 2 and 7 are not perfect squares. Thus their square roots can only be 
approximated. These numbers are irrational numbers. Their decimal representa- 
tions never terminate or repeat. 


V2 ~ 1.4142135... 
V7 =~ 2.6457513... 
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The approximate square roots of numbers that are not perfect squares can be 
found using a calculator. The square roots can be rounded to any given place 
value. 


A radical expression is not in simplest form when the radicand contains a factor 
greater than 1 that is a perfect power. The Product Property of Square Roots is 
used to simplify radical expressions. 


The Product Property of Square Roots 





If a and D are positive real numbers, then Vab = Va- Vb. 





© Simplify: V96 


Write the prime factorization of the radicand in expo- V96= V25-3 
nential form. 


Write the radicand as a product of a perfect square == 242-3) 
and factors that do not contain a perfect square. 

Remember that a perfect square has an even exponent 

when expressed in exponential form. 


Use the Product Property of Square Roots. Write per- = V24V2-3 
fect squares under the first radical sign and all remain- 
ing factors under the second radical sign. 


Simplify. =2?V2-3 
= 4V6 so 


The last example shows that V96 = 4\/6. The two expressions are different rep- 


resentations of the same number. Using a calculator to evaluate each expression, 
we find that V96 ~ 9.79796 and 4V/6 ~ 4(2.44949) = 9.79796, 


Example 1 Simplify: 3V/90 
Solution 3V90 = 3V2-3%-5 > Write the prime factorization of the 


radicand in exponential form. 
3V37(2 +5) > Write the radicand as a product of a perfect 
square and factors that do not contain a 
perfect square. 
3V3V2-5 > Use the Product Property of Square Roots. 
=3-3V10 > Simplify. 
= 9V'10 


Problem 1 Simplify: —5\/32 
Solution See page S22. 


Example 2 Simplify: V/252 
Solution V252 = V/2?-32-7 
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| Problem 2 — Simplify: V216 
Solution See page S22. 


EEE, [al 
Simplify variable radical expressions C3) 
Variable expressions that contain radicals do not always represent real numbers. 


The variable expression at the right does Ve 


not represent a real number when x is a V(—4)8 = V —64 < Nota real number 
negative number, such as ~—4. 


Now consider the expression Vx? and Vx 
evaluate this expression for x = —2 and V(= 
X22 ae 


I 
NON 
ll 


if 


This suggests the following. 


The Square Root of a’ 





For any real number a, Va? = |al. 
Ifa = 0, then Va? =a. 


In order to avoid variable expressions that do not represent real numbers, and so 
that absolute value signs are not needed for certain expressions, the variables in 
this chapter will represent positive numbers unless otherwise stated. 


A variable or a product of variables written in exponential form is a perfect square 
when each exponent is an even number. 


To find the square root of a perfect square, remove the radical sign, and divide 
each exponent by 2. 


® Simplify: Va° 
Remove the radical sign, and divide the exponent by 2. Vie = a ae 


A variable radical expression is not in simplest form when the radicand contains 
a factor greater than 1 that is a perfect square. 


® Simplify: Vx’ 


Write x’ as the product of x and a perfect square. Ne Ve 
Use the Product Property of Square Roots. = VxeVx 
Simplify the square root of the perfect square. =ynovix + @ 


Example 3 Simplify: Vb® 

Solution Vb" = Vb" +b = Vb" - Vb = Vb 
Problem 3 Simplify: Vy 

Solution See page S22. 
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® Simplify: 3x V 8x°y” 


Write the prime factorization of the radi- 
cand in exponential form. 


ax VERY = Sx VERY® 


Write the radicand as a product of a per- = 3xV 2?x*y?(2xy) 
fect square and factors that do not contain 

a perfect square. 

Use the Product Property of Square Roots. = 3xV 2?x7y" V 2xy 


Simplify. = 3x - 2xy®V 2xy 
= 6x7y°V2xy @ 
Example 4 Simplify. A. V24x° — B. 2aV18a°%b" 
Solution A. V24x°=V2°>-3-x° B. 2aV18a2b" = 2aV2 - 32 - aeb® 
= V2 Dion) = 2aV 30°02) 
a 20 ND OX = 2 304-0 WN 20 
=a x7 \/.6x = 2a - 3ab°V 2a 
= 6070 \/ 2g 
Problem 4 Simplify. A. V45b’ — B. 3aV28a"b'® 
Solution See page S22. 


= Simplify: V25(x + 2) 


Write the prime factorization of the radi- 
cand in exponential form. 


V25(x + 2)? = V7 546 2) 


Simplify. = 5(x + 2) 


=54+10 
Example 5 Simplify: V16(x + 5)? 


Solution 


Problem 5 





Solution 


CONCEPT REVIEW 10.1 


V16(x + 5)? = V24(x + 5)? = 27x + 5) = A(x + 5) = 4x + 20 
Simplify: V 25(a + 3) 
See page S22. 


Determine whether the statement is always true, sometimes true, or never true. 


1. The square root of a positive number is a positive number, and the square 
root of a negative number is a negative number. 


2. Every positive number has two square roots, one of which is the additive 


inverse of the other. 


3. The square root of a number that is not a perfect square is an irrational 


number. 


EXERCISES 10.1 
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If the radicand of a radical expression is evenly divisible by a perfect square 


greater than 1, then the radical expression is not in simplest form. 


Suppose a and b are real numbers. Then Vab = Va: Vb. 


When a perfect square is written in exponential form, the exponents are 


multiples of 2. 


1. ¥ Show by example that a positive number has two square roots. 


2 ¥ Why is the square root of a negative number not a real number? 


11. 


17. 


ZS: 


29; 


Oo: 


+ 


Sieh ae bes 


6. 


V144 
—3V48 
V13 
V210 
300 
V160 


Find the decimal approximation to the nearest thousandth. 


Simplify. 

3. V16 4. V64 

9. V8 10. V12 
15. V15 16. V21 
21. V45 22 te) 225 
27/105 28. V55 
33. V250 34. 120 
39. V240 40. 
43. V245 44, 

BA 47. 


V 300 
V-929 


41. 


45. 


V 288 
V 352 


Ts 


13. 


a9: 


2D. 


SL: 


SZ. 


5V'40 
—9\/72 
6V128 
5V/180 
V324 


42. 


46. 


VA How can you tell whether a variable exponential expression is a perfect 


square? 


48. ¥ When is a radical expression in simplest form? 


Simplify. 

49. Vx 
53. a 
57. V4x4 
61. eye 
65. V60x5 


50. 


54. 


58. 


66. 


N/E 
Vas 

Vi5y5 
VT2y? 


51. 


5D. 


59, 


a 


vy 
Vey 
\V/ 24x? 
VabY 
V 49a*b8 


OZ: 


56. 


60. 


64. 


14. 


20. 


26. 


38. 


60 


a) 8 


36 


vii 
Wane 
V24y’ 


2V28 
11V/80 
9/288 
7V98 
V444 


V 144x7y8 


468 Chapter 10 / Radical Expressions 


69. V18x5y7 70. V32a5b® 71. V40x1y? 
72. V72ey" 73. V80a°b™ 74. /96a5b” 

75. 2V16a2b3 76. 5V25a4b? 77. x xty? 

78. UV eV 79. 4\/20a%b’ 80. 5V/12a3b4 
81. 3xV/12x2y7 82. 4yV18x5y4 83. 2x?\V/8x2y3 
84. 3y2V27x4y3 85. V25(a + 4? 86. V81(x + y)! 
87. VA(x + 2) 88. V(x + 2) 89. Vx2+4x4+4 
90. Vb? + 8b + 16 91. Vy? + 2yt+1 92. Va? + 6a+9 


APPLYING CONCEPTS 10.1 
Simplify. 


93. 0.0025a°b° 94, LV eaxty? 95. Vx2y> + oy? 96. V4aeb* — 40°b® 


97. Given f(x) = V2x — 1, find each of the following. Write your answer in 
simplest form. 


a. f(1) b. f(5) c. f(14) 


98. Use the roster method to list the whole numbers between V8 and V/90. 





99. Geometry The area of a square is 76 cm’. Find the length of a side of the 
square. Round to the nearest tenth. 


Assuming x can be any real number, for what values of x is the radical expression 
a real number? Write the answer as an inequality or write “all real numbers.” 


100. Vx 101. V4x 102, Wi 103. Vx+5 
104. V6—-4x 105. V5 —-—2x 106. Vx2+7 107. Vx2+1 


108. / Describe in your own words how to simplify a radical expression. 


109. ¥ Explain why 2V2 is in simplest form and V8 is not in simplest form. 
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SECTION 10.2 


Addition and Subtraction of 
Radical Expressions 


——— 
Leet 


MS Add and subtract radical expressions C3 


The Distributive Property is used to simplify the sum or difference of radical 
expressions with the same radicand. 


5V2 + 3V2 = (5 + 3)V2 = 8V2 
6V2x — 4V 2x = (6 — 4)V 2x = 2V 2x 


Radical expressions that are in simplest form and have different radicands cannot 
be simplified by the Distributive Property. 


2V3 + 4V2 cannot be simplified by the Distributive Property. 


To simplify the sum or difference of radical expressions, simplify each term. Then 
use the Distributive Property. 


® Subtract: 4V’8 — 10V2 


Simplify each term. 4V/8 — 10V2 = 4V/23 — 10V2 
=A P92 —10V/2 
= 4/2? V2 — 10V2 
=4-2V2 - 10V2 
= 8V2 - 10V2 

Subtract by using the Distributive = (8 — 10)V2 

Property. = OND) @ 


Example 1 Simplify. A. 5V2-3V2+12V2_ B. 3V12 -5V27 
Solution A. 5V2 — 3V2 + 12V2 
= (5 —sort 12)V2 > Use the Distributive Property. 
= 14/2 
B. 3V12 — 5V27 = 3V2 -3 — 5V3 
= 3V2-3-5V3?-3 
=13\/ 22/3 5/32/73 


=3-2V3-—5-3V3 
= 6V3 - 15V3 
= 98 


Problem 1 Simplify. A. 9V3+3V3-18V3_ B. 2V50 — 5V32 
Solution See page $22. 
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® Subtract: 8V18x — 2V32x 
Simplify each term. 8\/18x — 2\/32x = 8V 2: 32x — 2V2x 
Ne = 83? V2x — 2V2! V 2x 
=§8-3V2x —-2-2°V2x 


= 24V 2x — 8V 2x 
Subtract the radical expressions. = 16V 2x «@ 


Example 2 Simplify. 
NOSV1D = DV 8k! “BRIN By — BV 2x74 + 2V 32x77 


Solution A. 3V12x3 — 2xV3x = 3V22-3- x3 — 2xV3x 
= 3V/22 + x2 V3x — 2xV3x 
=3-2xV3x — 2xV3x 
= 6xV3x — 2xV3x 
= 4xV/3x 


B. 2xV8y — 3V2x2y + 2V32x7y 
= Wn V By — 3V 2x2y + 2V25x?y 
= V2 V2y — 3V x2 V2y + 2V 24? V2y 
= 2x -2V2y —3-xV2y+2-2xV2y 
= 4xV2y — 3xV2y + 8xV 2y 
= 9xV/2y 


Problem 2 Simplify. 
A. yV28y. + 7V 63y° —- Bs 2V/27a® — 4aV/ 12a? a X74 


Solution See page $23. 





CONCEPT REVIEW 10.2 


Determine whether the statement is always true, sometimes true, or never true. 


i 


De 


5V2 + 6V3 =11V5 


The Distributive Property is used to add or subtract radical expressions with 
the same radicand. 


4\’7 and V7 are examples of like radical expressions. 


The expressions 3V/12 and 5V3 cannot be subtracted until 3V/12 is rewritten 
in simplest form. 


5V32x + 4V18x = 5(4V 2x) + 4(8V 2x) = 20V 2x + 12V 2x = 32V/2x 


The expressions 9V 11 and 10V13 can be added after each radical is written 
in simplest form. 





EXERCISES 10.2 
EU Simplify. 
1. 2V2+V2 
4. 4V5—10V5 
7. 2Vx+8Vx 
10. —5\V/2a + 2V2a 
13. 3xV2-—xV2 
16. —5bV3x — 2bV3x 
19. V45 + V125 
22. 4/128 — 3V/32 
25. 5V4x — 3V9x 
27. 3V3x2 — 5V27x? 
29. 2xVxy? — 3yVx2y 
31. 3xV12x — 5V/27x3 
33. 4yV8y? — 7V18y> 
35. b?V/asb + 3a?Vab> 
37. 4V2-—5V2+ 8V2 
39. 5Vx — 8Vx + 9Vx 
41. 8V2-3Vy— 8V2 
43. 8V8 — 4V32 — 9/50 
45. —2V3 + 5V27 - 4V/45 
47. 4/75 + 3V/48 — V99 
49, V/25x — V9x + V16x 
51. 3V3x + V27x — 8V75x 
53. 2aV75b — aV/20b + 4a V/45b 


tL: 


14. 


iz 


20. 


23. 
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3V5 + 8V5 

=o tigre, il 
3Vy + 2Vy 
—25/30 — 9\/3b 
2yV3 - 9yV3 
3Vxy — 8V xy 
V32 — V98 
5V18 — 2V75 


26. 


28. 


30. 


32. 


34. 


36. 


38. 


40. 


42. 


44, 


46. 


48. 


50. 


D2. 


54. 
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3. —3V7 + 2V7 
6. —3V3 -5V3 
9. 8Vy — 10Vy 


12. —7V5a — 5V5a 
15. 2aV3a — 5aV3a 
18. —4Vxy + 6Vxy 


21. 2V2+3V8 
24. 5V75 — 2V18 

—3V25y + 8V/49y 

—2V8y? + 5V32y? 

4a\/b'a — 3bV ab 

2aV/50a + 732108 

2aV/8ab? — 2b 20° 

Y Vy eae 

3V3 + 8V3 - 16V3 

Vx — 7Vx + 6Vx 

8V3 — 5V2 - 5V3 


2V12 - 4V27 + V75 
-2V8 — 3V27 + 3V50 
2V75 — 5V20 + 2V45 
Vax — V100x — V49x 
5V5x + 2V45x — 3V80x 
2bV75a — 5bV27a + 2bV20a 
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5D. 
57. 


59. 
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xV3y? — 2yV12x? + xyV3 56. aV27b? + 3bV147a? — abV3 
3Vab> + 4aVa2b — 5bV 4ab 58. 5Vacb + aV4ab — 3V 49a°b 
3aV 2ab? — Va2b? + 4bV/3a2b 60. 2\/4a2b? — 3aV/9ab? + 4bV a2b 


APPLYING CONCEPTS 10.2 





Add or subtract. 


61. 


64. 


67. 


69. 


70. 


MA. 


Tae 
13: 
74. 


BV BVO 62. 8Vat5—-4Vat5 63. 5 V8x7y + = V18xy 
7 VB8ab? + EV 7500" 65. £V54ab° + 2960" 66. V72xy3 + £98 


2V 8x + 4y — 5V 18x + 9y 68. 3Va? + a? + 5V 40° + 4a? 


Geometry The lengths of the sides of a tri- 
angle are 4V3 cm, 2V3 cm, and 2V/15 cm. ae 4V3 cm 
Find the perimeter of the triangle. 


2V15 cm 
Geometry The length of a rectangle is 32 cm 
3V2 cm. The width is V2 cm. Find the aes 
perimeter of the rectangle. 
Geometry The length of a rectangle is 4V5 cm 


4\/5 cm. The width is V5 cm. Find the AB Gm 

decimal approximation of the perimeter. 

Round to the nearest tenth. 

Given G(x) = Vx + 5 + V5x + 3, write G(3) in simplest form. 

Is the equation Va? + b? = Va + Vb true for all real numbers a and b? 

Y Use complete sentences to explain the steps in simplifying the radical 


expression 4V 2a°b + 5V 2a°b. 





SECTION 10.3 


Multiplication and Division of 
Radical Expressions 


BS Multiply radical expressions 5 an 


The Product Property of Square Roots is used to mul- Nel NV SEN DY ay 
tiply variable radical expressions. = 6g) 
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® Multiply: V2x? V32x° 
Use the Product Property of Square Roots. V 20? \/ 320° = W252 
Multiply the radicands. = V64x7 
Simplify. = V25x7 
= V25x8 Vx 
= 2x3/x 
=8x°Vx 


Example 1 Multiply: V3x4 V2x2y V 6xy? 


Solution V3x* V2x*y V6xy? = V3x! + 2x*y - 6xy? 
= V36x’y? 
= VERB 
= VIR Vey 
=x V/s 
= 6x°yV xy 


Problem 1 Multiply: V5a V15a°b* V3b° 
Solution See page S23. 


I 


When the expression (Vx)? is simplified by using the (Vee 
Product Property of Square Roots, the result is x. 


I 


For a> 0, (Va)? = Va@ =a. 


® Multiply: V2x(x + V2x) 


Use the Distributive Property to V2 (Sie 2K = N/ D)N Die V2 
remove parentheses. So N/ Diet Ne) 
= ieee ei 


Example 2 Multiply: V3ab(V3a + V9b) 


Solution V3ab(V3a + V9b) = V3ab(V3a) + V3ab(V 9b) 
= \/997b - V/27a- 
= VFab + VFabe 
= V3? Vb + V32B? V3a 
= 3aVb + 3bV3a 


Problem 2 Multiply: V5x(V5x — V25y) 
Solution See page S23. 


To multiply (V2 — 3x)(V2 + x), use the FOIL method. 
(V2 — 3x)(V2 + x) = (V2) + xV2 -— 3xV2 - 3x? 
=2+4+ (x — 3x)V2 — 3x? 
= 2 —2xV2 — 3x? 
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POINT OF INTEREST 


A radical expression that 
occurs in Einstein’s Theory of 
Relativity is 

1 





2/5 


1- 


where vis the velocity of an 
object and cis the speed of 
light. 


Example 3 Multiply: (2Vx — Vy )(6Vx -— 2Vy) 


Solution (2Vx — Vy)(5Vx — 2Vy) 
= 10(0Vx)? — 4Vxy — SV xy + 20 
= 10x — 9V xy + 2y 


Problem 3 Multiply: @Vx — Vy)(6Vx — 2Vy) 
Solution See page S23. 


The expressions a + banda — J, which are the sum and difference of two terms, 
are called conjugates of each other. 


The product of conjugates is the difference of two squares. 


(a+ ba —- b) =a — b* 
(24+ V7)2 —-V7)=2 —-(W7 =4-7=-3 
B+ Vy)3- Vy) =2- (Wy =9-y 


Example 4 Multiply: (Va — Vb)(Va + Vb) 

Solution (Va — Vb)(Va + Vb) = (Vay - (Vb =a —b 
Problem 4 Multiply: (2Vx + 7)(2Vx — 7) 

Solution See page S23. 


Divide radical expressions (C3) f=) 


The square root of a quotient is equal to the quotient of the square roots. 


The Quotient Property of Square Roots 





If a and b are positive real numbers, then \5 = 


Eo Simplify: , je 


Rewrite the radical expression as the quotient of the |= =—= = 


Sls 

















6 
square roots. - We ws 
Take the square root of the perfect squares. = = « 
4 ee eae ye 
©) Simplify: 3x7y? 
: . : 4x3 7 8 5 
Simplify the radicand. ae = ,/— 
y x 
Rewrite the radical expression as the quotient of the a Sy 
square roots. vxt 
Simplify. — V2'y° 
Nae 
‘A (Pry! V2y 
Wack 
2y?V/ 2y 
=e Y @ 


® Simplify: — 475 


oy 








een ti 4x?y _ — [4xy 
se the Quotient Property of Square Roots. Vin Ai 
Simplify the radicand. = V4x 
Simplify the radical expression. = V2 Vx 
=2Vx @ 


A radical expression is not in simplest form if a radical remains in the denomina- 
tor. The procedure used to remove a radical from the denominator is called ration- 
alizing the denominator. 


& Simplify: a 











V2) 
The expression “ has a radical expression in the = = = ° - 
/3 
denominator. Multiply the expression by ed which 
equals 1. 
Simplify. Svs 
Dre (V3) 
ONG 
ae & 
Thus = = eS but is not in simplest form. Because no radical remains in the 


V3 3 V3 


denominator and the radical in the numerator contains no perfect-square factors 
other than 1, a is in simplest form. 
When the denominator contains a radical expression with two terms, simplify the 


radical expression by multiplying the numerator and denominator by the conju- 
gate of the denominator. 











©) Simplify: Ga 
Multiply the numerator and denominator by VQ Ny Vi 8 
Vy — 3, the conjugate of Vy + 3. Vy+3 Vyt+3 Vy-3 
Simplify. IDeA SBN2y 
(Vy? — 3 
 ¥V2 = BV 2y 
aie & 


The following list summarizes the discussions about radical expressions in sim- 
plest form. 


Radical Expressions in Simplest Form 





A radical expression is in simplest form if: 


1. The radicand contains no factor greater than 1 that is a perfect square. 
2. There is no fraction under the radical sign. 
3. There is no radical in the denominator of a fraction. 
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Example 5 


Solution 


Problem 5 


Solution 


CONCEPT REVIEW 10.3 





























A V4x7y° V2 3-V5 
Simplify. A. Vary B. ae ahs ae 
4 Mae = Pee a oy ye Vara 
‘ V3xty VV 3xty MeV 3 xV8° V3 ex 
B Vo ene V2 NEN a 
“WVi-Ve V2-Va V2t+V2 a 
C SVB bhneB siV Bg Dis BS 
"24 3V5rie 243V5h 253V8 

= 695 AN or eae 
AONE 
WSs 
—41 
SZ Ty Ss 
41 
; E 1525" Vy 5+ Vy 
Simplify. A. ax7y9 B. Vie G ae 
See page S23. 


Determine whether the statement is always true, sometimes true, or never true. 


1. By the Product Property of Square Roots, if a>0 and b>0, then 


Va: Vb = Vab 


2. When we square a square root, the result is the radicand. 


3. The procedure for rationalizing the denominator is used when a fraction 
has a radical expression in the denominator. 


4. The square root of a fraction is equal to the square root of the numerator 


over the square root of the denominator. 


5. A radical expression is in simplest form if the radicand contains no factor 


other than 1 that is a perfect square. 


6. The conjugate of 5 — V3 is V3 — 5. 


EXERCISES 10.3 


EE Multiply. 
ion 56 26 MMV At 
ey Wee 6 Vy Vy 


8.: V3BV12 4. V2V8 
7 Vxy3 Vx5y 8. Vasb> Vab> 


9. V3a2b5 V6ab7 10. V5x3y V10x2y 11. V6a3b? V/24a5b 

13. V2(V2 - V3) 14. 3(V/12 - V3) 15. Va(Vx = Vy) 

17, V5(V10 — Vx) 18. V6(Vy — V18) 19. V8(V2 - V5) 

2 (Vx 3) 225 2S a) 23. 
24. V5x(V10x — Vx) 25. V2ac V5ab V10cb 26. 
27. (Vx — 2y)(5Vx — 4y) 28. (5Vx + 2Vy)(BVx — Vy) 29. 
30. (V3x + y)(V3x — y) 31. (2Vx + Vy)\(5Vx + 4Vy) 32. 
S35: Y Explain why “ is in simplest form and - is not in simplest form. 
34. ¥ Why can we multiply = by 4 without changing the value of ai 
Simplify. 

a 12 26 VE a 

39. — 40. i 41. 

43. — 44. “a oe 

47. = 48. = 49. = 

51. ae 52. —s 53. a 

ea = 56. oS ae 

59. “SS 60. = 61. 
62. ae 63. = 64. 
oa Cae 67. 
a 69. —o Gj 70. 
71. — 72. = 73. 
74. Se 75. = ze 76. 
ve =~, 78. ~S 79. 
80. aay 81. weeks 82. 
gs, VERE Thglcuee 85, 
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12. V8ab> V/12a7b 

16. Vb(Va — Vb) 

20. V10(V20 — Va) 
V3a(V3a — V3b) 
V3xy V6x8y V2y? 
(Vx — Vy)(Vx + VY) 


6Vx — 2Vy)GVx - 4Vy) 


Sls 


a 
So 
R 
o 
K< 
N 





» S|z S|- 

= 2) 
R 
S 





58 


> 
3 
oO 
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86. 
89. 


92. 
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3 - V6 87 6 - 2V3 88. V2 + 2V6_ 
B= 2V6 AVG 2V2 - 3V6 
23 - Ve go PvE 61, #i4=4 
5V3 + 2V6 ed =x On/ gra? 
3+ 2Vy 53 2 Evy 94 Vx + Vy 
Le Ny Nie "Ve — Vy 


APPLYING CONCEPTS 10.3 








Simplify. 
1 
9. -VI3V13 96. V3 e 97. -\|= 
9 let ape 
98. de 99: 27 100. A 
101. Answer true or false. If the equation is false, correct the right side. 
a. (Vy)t = y? blev x)= Bux 
1 
sty et ee 
« (Vxt+1P=x4+1 d ae V3 
102. Show that 2 is a solution of the equation Vx + 2+ Vx —1=3. 
103. Is 16 a solution of the equation Vx — Vx + 9 = 1? 
104. Show that (1+ V6) and (1— V6) are solutions of the equation 
eX a) 
105. VA In your own words, describe the process of rationalizing the denomi- 
nator. 
106. The number Y2* 1 is called the golden ratio. Research the golden ratio 


2 
and write a few paragraphs about this number and its applications. 


SECTION 10.4 





Solving Equations Containing 
Radical Expressions 


Eee ml 
BH Solve equations containing one or more (Cy) 
radical expressions 


Radical 
equations 


An equation that contains a variable expres- Vx =4 
sion in a radicand is a radical equation. 
4 VOOR 26 Ne. 


LOOK CLOSELY 


Any time each side of an 
equation is squared, you 
must check the proposed 
solution of the equation. 
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The following property of equality states that if two numbers are equal, then the 
squares of the numbers are equal. This property is used to solve radical equations. 


Property of Squaring Both Sides of an Equation 





If a and b are real numbers and a = b, then a” = 0. 


™ Solve: Vx —2-7=0 
Rewrite the equation with the radical on one side Vie= 2 a) 


of the equation and the constant on the other side. VR 

Square both sides of the equation. (te 

Solve the resulting equation. Na ag 
x=51 


Check the solution. When both sides of an equa- Chechain tae aan! 


tion are squared, the resulting equation may 
have a solution that is not a solution of the origi- 
nal equation. 


Example 1 


Solution 


Check: 


Problem 1 


Solution 








O10 
The solution is 51. € 


Solve: V3x +2=5 
VOX 


We > Rewrite the equation so that the radical is alone 
on one side of the equation. 
Ai) —= 3" > Square both sides of the equation. 
ox = 19 > Solve for x. 
eo 
V3x +2=5 >» Both sides of the equation were squared. The 
solution must be checked. 


Sete GD 


5 =5_ > This is a true equation. The solution checks. 


The solution is 3. 


Solve: V4x +3 =7 
See page S23. 
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Check 0 = 355. 2x Fo 





The solution is 6. 


Bo V2x — 5+ 3 =10 
Vie oo 


G25) = Go) 


2x -5=9 
2x = 14 
x= 7 


Check V2x-54+3=0 





There is no solution. 


Solution See page S23. 


Example 2 Solve. A.0=3-V2x—3 


Solution A. 0=3 = V2 33 
V2e— 3 = 9 
(V2x -— 3% = 3? 
2X — 3 = 9 
2x = 12 
x=6 


Problem 2. Solve. A. V3x -2-5=0 


Bava 


> Rewrite the equation so that the 
radical is alone on one side of 
the equation. 

> Square both sides of the 
equation. 


> This is a true equation. The 
solution checks. 


> Rewrite the equation so that the 
radical is alone on one side of 
the equation. 

> Square each side of the equation. 

> Solve for x. 


> This is not a true equation. The 
solution does not check. 


Bo V4 S70) 


The following example illustrates the procedure for solving a radical equation 
containing two radical expressions. Note that the process of squaring both sides 
of the equation is performed twice. 
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®™ Solve: V54¢x4+Vx =5 


V5 Pat A= 5 
Solve for one of the radical expressions. V5+x=5-—Vx 
Square each side. (V5 = xP =6= Vxyr 
Recall that (a — b)* = a? — 2ab + Bb’. 5+x=25-10Vx4+<x 
Simplify. —20 = -10Vx 
This is still a radical equation. Ne 
Square each side. 2a )g 

4=x 

4 checks as the solution. The solution is 4. e 


Example 3 Solve: Vx = Vx —5=1 


Solution Vx — Vx —5=1 
VX = 1 PV =5 
(VxP = + Vx —5/ 
a EEN NE (5) 


4=2Vx-5 
2=Vx—5 
Bi (Noise)? 
AX) 
Or 


Check 





The solution is 9. 


Problem 3 Solve: Vx + Vx +9 =9 
Solution See page S23. 





Application problems 


A right triangle contains one 90° angle. The side oppo- 
site the 90° angle is called the hypotenuse. The other 
two sides are called legs. 


The angles in a right triangle are usually labeled with 
the capital letters A, B, and C, with C reserved for the 
right angle. The side opposite angle A is side a, the side 
opposite angle B is side b, and c is the hypotenuse. 


> Solve for one of the 
radical expressions. 

> Square each side. 

> Simplify. 


> This is a_ radical 
equation. 

> Square each side. 

> Simplify. 






Hypotenuse 
Leg 


Leg 
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POINT OF INTEREST 


The first known proof of this 
theorem occurs in a Chinese 
text, Arithmetic Classic, 
which was written around 
600 B.c. (but there are no 
existing copies) and revised 
over a period of 500 years. 
The earliest known copy of 
this text dates from 
approximately 100 B.c. 


LOOK CLOSELY 


lf we leta = 12 and b= 5, 
the result is the same. 


The Greek mathematician Pythagoras is generally credited with the discovery that 
the square of the hypotenuse of a right triangle is equal to the sum of the squares 
of the two legs. This is called the Pythagorean Theorem. 


The figure at the right is a right triangle with 
legs measuring 3 units and 4 units and a 
hypotenuse measuring 5 units. Each side of 
the triangle is also the side of a square. The 
number of square units in the area of the 
largest square is equal to the sum of the num- 
bers of square units in the areas of the smaller 
squares. 


Square of the] _ | Sum of the squares 
hypotenuse | | of the two legs 





5? = 37+4? 
29% OF lG 
25 =25 


Pythagorean Theorem 





If a and b are the lengths of the legs of a right triangle and c is the length of 
the hypotenuse, then c* = a? + B?. 


If the lengths of two sides of a right triangle are known, the Pythagorean Theorem 
can be used to find the length of the third side. 


The Pythagorean Theorem is used to find the hypotenuse when the two legs are 


known. 
Hypotenuse = V (leg)? + (leg)? 
VER . Nis 
Cmuy Oy eu) 
c= V25 + 144 te 
c= V169 
c=13 


The Pythagorean Theorem is used to find the length of a leg when one leg and the 
hypotenuse are known. 


Leg = V (hypotenuse)’ — (leg)? 


a=Ve—v 25 
a =V(25)7-=20) 

a = Ve5 — 400 = 
Ge N/OI5 

a=15 


Example 4 and Problem 4 illustrate the use of the Pythagorean Theorem. Exam- 
ple 5 and Problem 5 illustrate other applications of radical equations. 
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Example 4 


Strategy 


Solution 


Problem 4 





Solution 


Example 5 


Strategy 


Solution 


Problem 5 





Solution 


A guy wire is attached to a point 22 m above the ground on a 
telephone pole that is perpendicular to the ground. The wire is 
anchored to the ground at a point 9 m from the base of the pole. 
Find the length of the guy wire. Round to the nearest hundredth. 


To find the length of the guy wire, use the Pythagorean Theorem. 
One leg is the distance from the bottom of the wire to the base of 
the telephone pole. The other leg is the distance from the top of 
the wire to the base of the telephone pole. The guy wire is the 
hypotenuse. Solve the Pythagorean Theorem for the hypotenuse. 


c=Vaet+ Bh 
c= VRE 
c = V484 + 81 
c = V565 
C2377 


The guy wire has a length of 23.77 m. 


A ladder 12 ft long is resting against a building. How high on the 
building will the ladder reach when the bottom of the ladder is 
5 ft from the building? Round to the nearest hundredth. 


See page S24. 


How far would a submarine periscope have to be above the 
water for the lookout to locate a ship 5 mi away? The equation 
for the distance in miles that the lookout can see is d = V1.5h, 
where h is the height in feet above the surface of the water. 
Round to the nearest hundredth. 


To find the height above water, replace d in the equation with 
the given value. Then solve for h. 


d = V1.5h 
5 = V1.5h 
5? = (V1.5h) 
25 = 1.5h 
D5 

16.67 ~h 


The periscope must be 16.67 ft above the water. 


Find the length of a pendulum that makes one swing in 1.5 s. The 
equation for the time for one swing is T = 2m |é, where T is the 


time in seconds and L is the length in feet. Round to the nearest 
hundredth. 


See page S24. 
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CONCEPT REVIEW 10.4 





Determine whether the statement is always true, sometimes true, or never true. 


1. A radical equation is an equation that contains a radical. 


2. We can square both sides of an equation without changing the solutions of 
the equation. 


3. We use the Property of Squaring Both Sides of an Equation in order to elim- 
inate a radical expression from an equation. 


4. The first step in solving a radical equation is to square both sides of the equation. 
5. Suppose a* = b?. Thena = b. 


6. The Pythagorean Theorem is used to find the length of a side of a triangle. 


EXERCISES 10.4 


HY 1. Which of the following equations are radical equations? 
a. 8=V5+x 
b. Vx-7=9 
c Vx+4=6 
d. 12 = V3x 


Zs Y What does the Property of Squaring Both Sides of an Equation state? 


Solve and check. 


aN = 5 45 Vy=7 Bama "12 6. Va=9 

7 Von = 5 8. Vor=4 9. V4x =8 10. Véx =3 

1. V2 — 4 =0 12, 3-—V5x =0 13. V4x+5=2 14. V3x+9=4 
15. V3x-2=4 16. V5x+6=1 17, V2x +1=7 18. V5x+4=3 
19. 0=2-V3-x 20. 0=5-V10+x 21. V5x+2=0 22. Vou 0) 
23. V3x-6=—-4 24. V5x+8=23 25s Ors V3x — 9 — 6 26, 0=\2e4 7-3 
27. V5x—1= V3x +9 28. V3x+4= V12x — 14 


DON OX ol — NVA 30. V5x -9=V2x-3 


31. 


33. 


35. 


37. 
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Vx? — 5x +6 = Vx? — 8x +9 32. Vx? —2x +4= Vx? + 5x —- 12 
Vx=Vx4+3-1 34. Vx+5=Vxt1 
V2x+5=5- V2x 36. V2x + V2x+9=9 
V3x —- V3x+7=1 38. Vx—-Vx+9=1 


Solve. Round to the nearest hundredth. 


39. 


40. 


41. 


42. 


43. 


44, 


45. 


46. 


47. 


48. 


49. 


50. 


Dd. 


Integer Problem Five added to the square root of the product of four and a 
number is equal to seven. Find the number. 


Integer Problem The product of a number and the square root of three is 
equal to the square root of twenty-seven. Find the number. 


Integer Problem Two added to the square root of the sum of a number and 
five is equal to six. Find the number. 


Integer Problem The product of a number and the square root of seven is 
equal to the square root of twenty-eight. Find the number. 


¥ What does the Pythagorean Theorem state? 


Label the right triangle shown at the right. Include the right angle symbol, 
the three angles, the two legs, and the hypotenuse. 


Geometry The two legs of a right triangle measure 5 cm and 9 cm. Find the 
length of the hypotenuse. 


Geometry The two legs of a right triangle measure 8 in. and 4 in. Find the 
length of the hypotenuse. 


Geometry The hypotenuse of a right triangle measures 12 ft. One leg of the 
triangle measures 7 ft. Find the length of the other leg of the triangle. 


Geometry The hypotenuse of a right triangle measures 20 cm. One leg of 
the triangle measures 16 cm. Find the length of the other leg of the triangle. 


Geometry The diagonal of a rectangle is a line drawn from one vertex to the 
opposite vertex. Find the length of the diagonal in the rectangle shown at the 
right. Round to the nearest tenth. 


Education One method used to “curve” the grades on an exam is to use the 
formula R = 10\/O, where R is the revised score and O is the original score. 
Use this formula to find the original score on an exam that has a revised score 
of 75. Round to the nearest whole number. 


Physics_A formula used in the study of shallow-water wave motion is 
C = V32H, where C is the wave velocity in feet per second and H is the 
depth in feet. Use this formula to find the depth of the water when the wave 
velocity is 20 ft/s. 


Ss 


9 cm 
ft 


oh 
fame 


11 mi 
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Sports The infield of a baseball diamond is a square. The distance between 
successive bases is 90 ft. The pitcher’s mound is on the diagonal between 
home plate and second base at a distance of 60.5 ft from home plate. Is the 
pitcher’s mound more or less than halfway between home plate and second 
base? 


Sports The infield of a softball diamond is a square. The distance between 
successive bases is 60 ft. The pitcher’s mound is on the diagonal between 
home plate and second base at a distance of 46 ft from home plate. Is the 
pitcher’s mound more or less than halfway between home plate and second 
base? 


Communications Marta Lightfoot leaves a dock in her sailboat and sails 
2.5 mi due east. She then tacks and sails 4 mi due north. The walkie-talkie 
Marta has on board has a range of 5 mi. Will she be able to call a friend on 
the dock from her location using the walkie-talkie? 


Navigation How far would a submarine periscope have to be above the 
water for the lookout to locate a ship 4 mi away? The equation for the dis- 
tance in miles that the lookout can see is d = V1.5h, where h is the height in 
feet above the surface of the water. 


Navigation How far would a submarine periscope have to be above the 
water for the lookout to locate a ship 7 mi away? The equation for the dis- 
tance in miles that the lookout can see is d = V1.5h, where h is the height in 
feet above the surface of the water. 


Home Maintenance Rick Wyman needs to clean the gutters of his home. 
The gutters are 24 ft above the ground. For safety, the distance a ladder 
reaches up a wall should be four times the distance from the bottom of the 
ladder to the base of the side of the house. Therefore, the ladder must be 6 ft 
from the base of the house. Will a 25-foot ladder be long enough to reach the 
gutters? 


Physics The speed of a child riding a merry-go-round at a carnival is given 
by the equation v = V12r, where v is the speed in feet per second and r is the 
distance in feet from the center of the merry-go-round to the rider. If a child 
is moving at 15 ft/s, how far is the child from the center of the merry-go- 
round? 

Physics Find the length of a pendulum that makes one swing in 3 s. The 
equation for the time of one swing is T = 2ns/e, where T is the time in sec- 


onds and L is the length in feet. 


Physics Find the length of a pendulum that makes one swing in 2 s. The 
equation for the time of one swing is T = 277, Fe where T is the time in sec- 


onds and L is the length in feet. 
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61. Parks An L-shaped sidewalk from the parking lot to a memorial is shown 
in the figure at the right. The distance directly across the grass to the memo- 
rial is 650 ft. The distance to the corner is 600 ft. Find the distance from the 
corner to the memorial. 


Parking. ‘eg 


62. Aviation A commuter plane leaves an airport traveling due south at 
400 mph. Another plane leaving at the same time travels due east at 300 mph. 
Find the distance between the two planes after 2 h. 


63. Physics Astone is dropped from a bridge and hits the water 2 s later. How 
high is the bridge? The equation for the distance an object falls in T seconds 


isT = | , where d is the distance in feet. 


64. Physics A stone is dropped into a mine shaft and hits the bottom 3.5 s 
later. How deep is the mine shaft? The equation for the distance an object 


falls in T seconds is T = =, where d is the distance in feet. 


65. Television The measure of a television screen is given by the length of a 


diagonal across the screen. A 36-inch television has a width of 28.8 in. Find 
the height of the screen. 


66. Television The measure of a television screen is given by the length of a 
diagonal across the screen. A 33-inch big-screen television has a width of 
26.4 in. Find the height of the screen. 


APPLYING CONCEPTS 10.4 


Solve. 


es 68. \/2-1=2 69. V9x2+ 49 +1=3x +2 





70. Geometry In the coordinate plane, a triangle is formed by drawing lines 
between the points (0, 0) and (5, 0), (5, 0) and (5, 12), and (5, 12) and (0, 0). 
Find the number of units in the perimeter of the triangle. 


71. Geometry The hypotenuse of a right triangle is 5V/2 cm, and one leg is 
4\/2 cm. 


a. Find the perimeter of the triangle. b. Find the area of the triangle. 


72. Geometry Write an expression in factored form for the shaded region in the 
diagram at the right. 
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Geometry A circular fountain is being designed for a triangular plaza in a 
cultural center. The fountain is placed so that each side of the triangle 
touches the fountain as shown in the diagram at the right. Find the area of 


the fountain. The formula for the radius of the circle is given by 





ee (Gia) (Cen) Gite) 
V s 


where s = 5 (a + b +c) anda, b, and c are the lengths of the sides of the tri- 


angle. Round to the nearest hundredth. 


Y Can the Pythagorean Theorem be used to find the length of sidec ofthe  , 3 
triangle at the right? If so, determine c. If not, explain why the theorem 
cannot be used. 


What is a Pythagorean triple? Provide at least three examples of 


Pythagorean triples. 


Complete the statement using the symbol <, =, or >. Explain how you 
determined which symbol to use. 


a. For an acute triangle with side c the longest side, a* + b* _ c*. 


2 


b. For a right triangle with side c the longest side, a* + b? _ c’. 


c. For an obtuse triangle with side c the longest side, a* + b* _ c’. 





2 


_ Focus on Problem Solving 


AAA OOOO 


OOOO FOO 


Deductive Reasoning 


Deductive reasoning uses a rule or statement of fact to reach a conclusion. In the 
section Equations Containing Fractions in the “Algebraic Fractions” chapter, we 
established the rule that if two angles of one triangle are equal to two angles of 
another triangle, then the two triangles are similar. Thus any time we establish this 
fact about two triangles, we know that the triangles are similar. Below are two 
examples of deductive reasoning. 


Given that AAA = ©0006 and 0006 = OO, then AAAAAA is equivalent to 
how many Os? 


Because 3 As = 4 Os and 4 Os = 2Os,3 As = 2Os. 
6 As is twice 3 As. We need to find twice 2 Os, which is 4 Os. 
Therefore, AAAAAA = OOOO. 


Lomax, Parish, Thorpe, and Wong are neighbors. Each drives a-different type of 
vehicle: a compact car, a sedan, a sports car, or a station wagon. From the follow- 
ing statements, determine which type of vehicle each of the neighbors drives. 


1. Although the vehicle owned by Lomax has more mileage on it than does either 
the sedan or the sports car, it does not have the highest mileage of all four cars. 
(Use X1 in the chart below to eliminate whatever possibilities this statement 
enables you to rule out.) 


LOOK CLOSELY 


To use the chart to solve this 
problem, write an X in a box 
to indicate that a possibility 
has been eliminated. Write a 
/ to show that a match has 
been found. When a row or 
column has 3 X's, a / is 
written in the remaining open 
box in that row or column of 
the chart. 





2: 


3 
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Wong and the owner of the sports car live on one side of the street, and Thorpe 
and the owner of the compact car live on the other side of the street. (Use X2 to 
eliminate possibilities that this statement rules out.) 


Thorpe owns the vehicle with the most mileage on it. (Use X3 to eliminate 
possibilities that this statement rules out.) 


Compact | Sedan | Sports Car | Wagon 





Lomax y/ X1 Kt X2 
Parish X2 X2 A X2 
Thorpe K2 X3 X2 a 
Wong X2 X2 


Lomax drives the compact car, Parish drives the sports car, Thorpe drives the 
station wagon, and Wong drives the sedan. 


. Given that tf = e*¢e* and eeeee = AA, then ttttt = how many As? 


oe 
5 
6 


8 





. Given that | 








= OOOO and OOOO = if, then 





















































= how many Is? 


. Given that sag0 = 000 and OOO = AA, then AAAA = how many 4s? 


ANA NRA A 


Anna, Kay, Megan, and Nicole decide to travel together during spring break, 

but they need to find a destination where each of them will be able to partici- 

pate in her favorite sport (golf, horseback riding, sailing, or tennis). From the 
following statements, determine the favorite sport of each student. 

a. Anna and the student whose favorite sport is sailing both like to swim, 
whereas Nicole and the student whose favorite sport is tennis would prefer 
to scuba dive. 

b. Megan and the student whose favorite sport is sailing are roommates. 
Nicole and the student whose favorite sport is golf both live in a single. 


. Chang, Nick, Pablo, and Saul all take different forms of transportation (bus, car, 


subway, or taxi) from the office to the airport. From the following statements, 
determine which form of transportation each takes. 


a. Chang spent more on transportation than the fellow who took the bus but 
less than the fellow who took the taxi. 


b. Pablo, who did not travel by bus and who spent the least on transportation, 
arrived at the airport after Nick but before the fellow who took the subway. 


c. Saul spent less on transportation than either Chang or Nick. 


rojects and Group Activities 


Mean and Standard Deviation 


An automotive engineer tests the miles-per-gallon ratings of 15 cars and records 
the results as follows: 


Pope?) Doe sb a Doe Olp 25 26> 21 39 64 32 28 
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The mean of the data is the sum of the measurements divided by the number of 
measurements. The symbol for the mean is x. 


sum of all data values 


Mean = x a ae 
number of data values 


To find the mean for the data above, add the numbers and then divide by 15. 


Dor te 22s eat 2 7 20 a OO ch 29s Ol te 2Or te 20 teed least mae tS Oiatae AO 


ie 5 


The mean number of miles per gallon for the 15 cars tested was 28 mi/gal. 


The mean is one of the most frequently computed averages. It is the one that is 
commonly used to calculate a student’s performance in a class. 


® The scores for a history student on 5 tests were 78, 82, 91, 87, and 93. What was 
the mean score for this student? 
Tish ae tear SM! ste ei/ sp SB} 


To find the mean, add the numbers. Then divide x= 
by 5. 
= = 86.2 
The mean score for the history student was 86.2. a 
Consider two students, each of whom has taken 5 exams. 
Scores for Student A Scores for Student B 


84] 86 | 83 | 85] 87 90 | 75] 94 | 68 [98 


84+ 86 +83+85+87 425 _ 90+. 75 +94+68 498 425 
5 ita, ore 82 Ae 5 — 3 


—— 





=O 





The mean for Student A is 85. The mean for Student B is 85. 


For each of these students, the mean (average) for the 5 exams is 85. However, Stu- 
dent A has a more consistent record of scores than Student B. One way to measure the 
consistency, or “clustering” near the mean, of data is to use the standard deviation. 


To calculate the standard deviation: 


Step 1. Sum the squares of the differences between each value of the data and the 
mean. 

Step 2. Divide the result in Step 1 by the number of items in the set of data. 

Step 3. Take the square root of the result in Step 2. 





The calculation for Student A is Step1: <x (y= xy 

shown at the right. 
84 (-17 =1 
86 v=1 
83 (=2)7 = 4 
85 07= 0 
87 p= a 

% Total = 10 
S ——— 
The symbol for standard deviation is Resi paait 


the lower case Greek letter sigma, o. Step 3: o = V2 ~ 1.414 
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The standard deviation for Student A’s scores is approximately 1.414. 


Following a similar procedure for Student B shows that the standard deviation for 
Student B’s scores is approximately 11.524. Because the standard deviation of Stu- 
dent B’s scores is greater than that of Student A’s scores (11.524 > 1.414), Stu- 
dent B’s scores are not as consistent as those of Student A. 


ds 


10. 


The weights in ounces of 6 newborn infants were recorded by a hospital. The 
weights were 96, 105, 84, 90, 102, and 99. Find the standard deviation of the 
weights. 


. The numbers of rooms occupied in a hotel on 6 consecutive days were 234, 


321, 222, 246, 312, and 396. Find the standard deviation of the numbers of 
rooms occupied. 


. Seven coins were tossed 100 times. The numbers of heads recorded for each 


coin were 56, 63, 49, 50, 48, 53, and 52. Find the standard deviation of the num- 
bers of heads. 


. The temperatures for 11 consecutive days at a desert resort were 95°, 98°, 98°, 


104°, 97°, 100°, 96°, 97°, 108°, 93°, and 104°. For the same days, temperatures in 
Antarctica were 27°, 28°, 28°, 30°, 28°, 27°, 30°, 25°, 24°, 26°, and 21°. Which loca- 
tion has the greater standard deviation of temperatures? 


. The scores for 5 college basketball games were 56, 68, 60, 72, and 64. The scores 


for 5 professional basketball games were 106, 118, 110, 122, and 114. Which 
scores have the greater standard deviation? 


. The weights in pounds of the 5-man front line of a college football team are 


210, 245, 220, 230, and 225. Find the standard deviation of the weights. 


. One student received test scores of 85, 92, 86, and 89. A second student 


received scores of 90, 97, 91, and 94 (exactly 5 points more on each test). Are 
the means of the two students the same? If not, what is the relationship 
between the means of the two students? Are the standard deviations of the 
scores of the two students the same? If not, what is the relationship between 
the standard deviations of the scores of the two students? 


. Grade-point average (GPA) is a weighted mean. It is called a weighted mean 


because a grade in a 5-unit course has more influence on your GPA than a 
grade in a 2-unit course. GPA is calculated by multiplying the numerical 
equivalent of each grade by the number of units, adding those products, and 
then dividing by the total number of units. Calculate your GPA for the last 
quarter or semester. 


. If you average 40 mph for 1 h and then 50 mph for 1 h, is your average speed 


40 + 50 


5 = 45 mph? Why or why not? 


A company is negotiating with its employees the terms of a raise in salary. One 
proposal would add $500 a year to each employee’s salary. The second pro- 
posal would give each employee a 4% raise. Explain how each of these pro- 
posals would affect the current mean and standard deviation of salaries for 
the company. 
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Distance to the Horizon 


In Section 4 of this chapter, we used the formula d= V1.5h to calculate 
the approximate distance d (in miles) that a person could see who uses 
a periscope h feet above the water. That formula is derived by using the 
Pythagorean Theorem. 


Consider the diagram (not to scale) at 
the right, which shows Earth as a 
sphere and the periscope extending h 
feet above the surface. From geometry, 
because AB is tangent to the circle and 
OA is a radius, triangle AOB is a right 
triangle. Therefore, 


(OA)? + (AB)? = (OB) 





Substituting into this formula, we have 





3960? + d? = (3960 = sal > Because / is in feet, = is in miles. 
3960? + d? = 3960? + =p (th 

d? =3h + ( 

d= [Sh+ (el 
At this point, an assumption is made that =h + (ta ~ V/1.5h, where we 


have written : as 1.5. Thus d~ V1.5h is used to approximate the distance 


that can be seen using a periscope h feet above the water. 


1, Write a paragraph that justifies the assumption that 


i: 
one (| A/T 5h 


2 5280 
(Suggestion: Evaluate each expression for various values of h. Because h is the 
height of a periscope above water, it is unlikely that h > 25 ft.) 


2. The distance d is the distance from the top of the periscope to A. The distance 
along the surface of the water is given by arc AD. This distance, D, can be 
approximated by the equation 


ey nh \ 
D~VI15h + 0.306186 a 


Using this formula, calculate D when h = 10. 
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Expressway On-Ramp Curves 


Highway engineers design expressway on-ramps with both efficiency and safety 
in mind. An on-ramp cannot be built with too sharp a curve, or the speed at which 
drivers take the curve will cause them to skid off the road. However, an on-ramp 
built with too wide a curve requires more building material, takes longer to travel, 
and uses more land. The following formula states the relationship between the 
maximum speed at which a car can travel around a curve without skidding: 
v0 = V 2.5r. In this formula, v is speed in miles per hour, and r is the radius, in feet, 
of an unbanked curve. 


1. 


Use a graphing calculator to graph this equation. Use a window of Xmin = 0, 
Xmax = 2000, Ymin = 0, Ymax = 100. What do the values used for Xmin, 
Xmax, Ymin, and Ymax represent? 


. As the radius of the curve increases, does the maximum safe speed increase or 


decrease? Explain your answer on the basis of the graph of the equation. 


. Use the graph to approximate the maximum safe speed when the radius of the 


curve is 100 ft. Round to the nearest whole number. 


. Use the graph to approximate the radius of the curve for which the maximum 


safe speed is 40 mph. Round to the nearest whole number. 


. Arie Luyendyk won the Indianapolis 500 in 1997 driving at an average speed 


of 145.827 mph. At this speed, should the radius of an unbanked curve be more 


or less than 1 mi? 
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Key Words 


A square root of a positive number x is a number whose square 
is x. The square root of a negative number is not a real number. 
(Objective 10.1.1) 


The principal square root of a number is the positive square root. 
The symbol Vis called a radical sign and is used to indicate 
the principal square root of a number. The negative square root 
of a number is indicated by placing a negative sign in front of 
the radical. The radicand is the expression under the radical 
symbol. (Objective 10.1.1) 


The square of an integer is a perfect square. If anumber is not a 
perfect square, its square root can only be approximated. Such 
numbers are irrational numbers. Their decimal representations 
never terminate or repeat. (Objective 10.1.1) 


Conjugates are expressions with two terms that differ only in 
the sign of the second term. The expressions a4 + b anda — bare 
conjugates. (Objective 10.3.1) 


A square root of 25 is 5 because 5* = 25. 


Ai isquareniroots Of125") ismi=5 because 


(25) =125: 
\/ —9 is not a real number. 


V25=5 
-V25 = -5 


In the expression V 25, 25 is the radicand. 


2?=4,3°=9,4* = 16, 5° = 25, 6° = 36,... 
4,9, 16, 25, 36,... are perfect squares. 

5 is not a perfect square. V5 is an irrational 
number. 

3+ V7 and3 — V7are conjugates. 

Vx + 2 and Vx — 2 are conjugates. 
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A radical equation is an equation that contains a variable expres- 
sion ina radicand. (Objective 10.4.1) 


Essential Rules and Procedures 


The Product Property of Square Roots 
If a and b are positive real numbers, then Vab = Va: Vb. 
(Objective 10.1.1) 


Adding and Subtracting Radical Expressions 
The Distributive Property is used to simplify the sum or dif- 
ference of like radical expressions. (Objective 10.2.1) 


Multiplying Radical Expressions 
The Product Property of Square Roots is used to multiply radi- 
cal expressions. 


Use the Distributive Property to remove parentheses. 


Use the FOIL method to multiply radical expressions with two 
terms. (Objective 10.3.1) 


The Quotient Property of Square Roots 
If a and D are positive real numbers, then Ji = 
(Objective 10.3.2) 


S 


Dividing Radical Expressions 
The Quotient Property of Square Roots is used to divide radi- 
cal expressions. (Objective 10.3.2) 


Rationalizing the Denominator 

A radical is not in simplest form if there is a radical in the 
denominator. The procedure used to remove a radical from the 
denominator is called rationalizing the denominator. 
(Objective 10.3.2) 


Radical Expressions in Simplest Form 

A radical expression is in simplest form if: 

1. The radicand contains no factor greater than 1 that is a per- 
fect square. 

2. There is no fraction under the radical sign. 

3. There is no radical in the denominator of a fraction. 

(Objective 10.3.2) 


Property of Squaring Both Sides of an Equation 
If a and b are real numbers and a = J, then a? = b?. 
(Objective 10.4.1) 


V2x + 8 = 12 isa radical equation. 
2x + V8 = 12 is not a radical equation. 


V12 = V4-3 = V4 V3 = 2V3 


16V/3x — 4V3x = (16 — 4)V3x = 12V3x 


V5x V7y = V5x > Zy = V35xy 


Vy(2 + V3x) = 2Vy + V3xy 


(5 = Vx)(Q1 + Vx) 
= 55 + 5Vx — 11Vx -— (Vxy? 








= 55 —6Vx —-—x 

9x* _ NOx" _ 3x 

Ye Nye ys 
vay faery [xt _ Ve _ x? 
V75xy3 75xy° 25y* 25y2 Sy 


V12, Je and “5 are not in simplest form. 


INV/3, and “2 are in simplest form. 


Vxt3=4 
(\Warsie3 4 42 
x+3=16 


x=13 


Solving Radical Equations 

When an equation contains one radical expression, write the 
equation with the radical alone on one side of the equation. 
Square both sides of the equation. Solve for the variable. 
Whenever both sides of an equation are squared, the solutions 
must be checked. (Objective 10.4.1) 


Pythagorean Theorem 
If a and DU are the lengths of the legs of a right triangle and c is 
the hypotenuse, then c* = a* + b*. (Objective 10.4.2) 





1. Subtract: 5V3 — 16V3 2: 
3. Simplify: Vx? + 16x + 64 4. 
5. Simplify: uae 6. 
7. Multiply: (6Va + 5Vb)(2Va + 3Vb) 8. 
9. Simplify: 2V36 10. 
11. Subtract: 9xV5 — 5xV5 12. 
13. Solve: V2x + 9 = V8x — 9 14. 
15. Add: 2xV60x3y? + 3x?yV15xy 16. 
17. Simplify: @Vx — Vy) 18. 
19. Simplify: 5V/48 20. 
21. Simplify: ES 22. 
23. Simplify: 3V18a°b 24. 
25. Subtract: V20a°b? — 2ab?V/45a5b> 26. 
27. Solve: V5x + 1 = V20x — 8 28. 
29. Simplify: V450 30. 
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Vx -1=5 
V2x = 6 
(V 2x)? = 6? 
2x = 36 


x =18 The solution checks. 


Two legs of a right triangle measure 4 cm 
and 7 cm. To find the length of the 
hypotenuse, use the equation 


c= Vat bP? 
c=V¥"4+7=V16+4+ 49 = V65 


The hypotenuse measures V65 cm. 


i hapter Review Exercises 


Simplify: ee 

Solve: 3 — V7x =5 

Add: 6V7 + V7 

Simplify: V49(x + 3)4 

Solve: Vb = 4 

Multiply: (V5ab — V7)(V5ab + V7) 


Simplify: V 35 


V3x°y 
V27xy? 


Simplify: V (a + 4)? 
Add: 3V 12x + 5V 48x 
Multiply: V6a(V3a + V2a) 


Simplify: —3V 120 


V98x7y? 
V2x°y 


Simplify: Vc’ 
Simplify: 6aV80b — V'180a7b + 5aVb 





Simplify: 





Simplify: 
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ot. 


33. 


30; 


B75 


a9. 


41. 


43. 


45. 


47. 


49, 


Sie 


53. 


55. 


56. 


Bi 


58. 
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; , 16 : AY yes 
Sars 32. Solve: 6F— Vai) eZ 
Simplify: ae y 
Multiply: V.a%b*c Va’b’c? 34. Simplify: 7V 630 
: : V 250 
Simplify: yV 24y° 36. Simplify: aan 
Solve: Vx? + 5x + 4= Vx? + 7x — 6 38. Multiply: (4Vy — V5)(2Vy 3h 5) 


Find the decimal approximation of V9900 to the 40. Multiply: V7 V7 
nearest thousandth. 


Simplify: 5xV 150x’ 42. Simplify: 


207° 18x7y> POY 26 = 9X Oaay 





Simplify: ae 44. Simplify: 4/250 

Solve: V5x = 10 46. Simplify: waar 

Multiply: V2 V50 48. Simplify: V36x4y° 

Simplify: 4yV243x"y? 50. Solve: Vx +1-—-Vx-2=1 
Simplify: V-400 52. Simplify: -4V/8x + 7V18x — 3V50x 
Solve: 0 = V10x + 4 — 8 54. Multiply: V3(V12 — V3) 


The square root of the sum of two consecutive odd integers is equal to 10. 
Find the larger integer. 


The weight of an object is related to the object’s distance from the surface of 
the earth. An equation for this relationship is d = 4000, =, where W, is 
the object’s weight on the surface of the earth and W, is the object’s weight 
at a distance of d miles above the earth’s surface. A space explorer weighs 
36 Ib when 8000 mi above the earth’s surface. Find the explorer’s weight on 
the surface of the earth. 


The hypotenuse of a right triangle measures 18 cm. One leg of the triangle 
measures 11 cm. Find the length of the other leg of the triangle. Round to the 
nearest hundredth. 


A bicycle will overturn if it rounds a corner too sharply or too quickly. The 
equation for the maximum velocity at which a cyclist can turn a corner with- 
out tipping over is given by the equation v = 4Vr, where v is the velocity of 
the bicycle in miles per hour and r is the radius of the corner in feet. Find the 
radius of the sharpest corner that a cyclist can safely turn when riding at a 
speed of 20 mph. 


59. 


60. 


11. 


13. 


15. 


WZ. 


no: 


21. 


23s 


25s 


De 


28. 
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A tsunami is a great sea wave produced by underwater earthquakes or vol- 
canic eruption. The velocity of a tsunami as it approaches land is approxi- 
mated by the equation v = 3V/d, where v is the velocity in feet per second 
and d is the depth of the water in feet. Find the depth of the water when the 


velocity of a tsunami is 30 ft/s. 


A guy wire is attached to a point 25 ft above the ground on a telephone pole 
that is perpendicular to the ground. The wire is anchored to the ground at a 
point 8 ft from the base of the pole. Find the length of the guy wire. Round 


to the nearest hundredth. 





¢ hapter Test 





Simplify: V121x°y? 
Multiply: V3x2y V6x? Ws 
Simplify: V72x7y? 

Multiply: (Vy + 3)(Vy + 5) 
Simplify: 


Find the decimal approximation of V500 to the 
nearest thousandth. 


Multiply: Va(Va — Vb) 


V98a°b* 
V 2a%b? 


Simplify: V192x¥y° 





Simplify: 


Multiply: (Va — 2)(Va + 2) 
Solve: 3 = 8 — V5x 
Subtract: 3Va — 9Va 


Find the decimal approximation of V 63 to the 
nearest thousandth. 


Solve: Vx — Vx +3 =1 


10. 


12. 


14. 


16. 


18. 


20. 


22s 


24. 


26. 


Subtract: 5V8 — 3/50 
Simplify: V 45 
Simplify: 3V 8y — 2V 72x + 5V 18x 
Simplify: = 
pity: Ws 
Solve: V5x —6=7 
Simplify: V 32a°b" 


Multiply: V 8x°y V 10xy* 
Solve: V9x + 3 = 18 


Simplify: 2aV2ab? + bV8a°b — 5abVab 


Simplify: <= 


Multiply: V3(V6 — Vx?) 
Simplify: V 108 


V/108a7b> 
V3a'b 





Simplify: 


The square root of the sum of two consecutive integers is equal to 9. Find the 


smaller integer. 
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2a: 


30. 


11. 


Chapter 10 / Radical Expressions 


Find the length of a pendulum that makes one swing in 2.5 s. The equation 


for the time of one swing of a pendulum is T = 27 


A =, where T is the time 


in seconds and L is the length in feet. Round to the nearest hundredth. 


A ladder 10 ft long is resting against a building. How high on the building 
will the ladder reach when the bottom of the ladder is 2 ft from the building? 


Round to the nearest hundredth. 


~ Cumulative Review Exercises 


Simplify: 2h L 4 2 bf 


Solve: 2x — 4[3x — 2(1 — 3x)] = 2G — 4x) 


Find the slope of the line that contains the points 
whose coordinates are (2, —5) and (—4, 3). 


Evaluate f(x) = > x — 8atx= —4. 


Graph the solution set of 2x + y < —2. 


Solve by substitution: 4x — 3y = 1 
2k y= 3 


10. 


12. 


simplify: —3[x = 2(6 =22) Feo ca 


Solve: 3@°—7):= 5x — 12 


Find the equation of the line that contains the 
point whose coordinates are (—2, —3) and has 


lope — 
slope 5. 


Graph: f(x) = —4x + 2 


Solve by graphing: 3x — 2y = 8 
4x + 5y =3 


Solve by the addition method: 5x + 4y = 7 
ae 13 


13. 


a5: 


ie 


19: 


21. 


23. 


25. 


26. 


Ze 


28. 
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Re 27/50 Se 5: big 2 02)5 1 6bter 2 

Simplify: (—3x*y)(—2x%y~*) 14. Simplify: r= ieee 

Bactor 27 — 9x74" LOcmebactor: Ops aop — 20 

Factor: 2a° — 16a7 + 3 pi = a 
ee 18 Male PU pets eae sore aa sae 








eee 
Simplhe ee eS eerie 6 
implify oe a 20. Subtract: ae 8 Gem) 
x2 
3 ; : 
Boe re a eel Glioma 22. Simplify: 2V27a — 5V/49a + 8\/48a 
Simplify: Se 24, Solve: 2x —3 —5=0 


Three-eighths of a number is less than negative twelve. Find the largest inte- 
ger that satisfies the inequality. 


The selling price of a book is $29.40. The markup rate used by the bookstore 
is 20% of the cost. Find the cost of the book. 


How many ounces of pure water must be added to 40 oz of a 12% salt solu- 
tion to make a salt solution that is 5% salt? 


The sum of two numbers is twenty-one. Three more than twice the smaller 
number is equal to the larger. Find the two numbers. 
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29. A small water pipe takes twice as long to fill a tank as does a larger water 
pipe. With both pipes open, it takes 16 h to fill the tank. Find the time it 
would take the small pipe, working alone, to fill the tank. 


30. The square root of the sum of two consecutive integers is equal to 7. Find the 
smaller integer. 





pee 


A forensic scientist assists police in the 
Investigation of crimes. Chemistry, 
biology, and mathematics are critical 
tools for the forensic scientist when 
analyzing evidence, such as matching 
the DNA of a suspect to the DNA found 
at a crime scene. 


11.1.1 
11.1.2 


11.2.1 


11.3.1 


11.4.1 


11.5.1 


Quadratic 
Equations 





OBJECTIVES 


Solve quadratic equations by factoring 


Solve quadratic equations by taking square 
roots 


Solve quadratic equations by completing the 
square 


Solve quadratic equations by using the 
quadratic formula 


Graph a quadratic equation of the form 
yaax + bx +c 


Application problems 
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Algebraic Symbolism — 











The way in which an algebraic expression or equation is written has. gone - 

Me several stages of development. First there was the rhetoric, which was 

in vogue until the late 13th century. In this method, an expression would be 
_ written out in sentences. ‘The word res was used to pect an 
unknown. 


Rhetoric: From the additive res in the additive res re in a 
square res. From the three in an additive res comes - 
three additive res, and from the subtractive four in _ 
_the additive res comes subtractive four res. From 

three i in SUPE RCI four ¢ comes De twelve. 


Modern: (x + 3)(x — 4) =x? - <- cy) 


_ The second stage was the syncoptic, which was a shorthand 
in which abbreviations were used for words. 


Syncoptic: 4a6inb quad — c plano 4inb+ 7 cub 
Modern: 6ab? - — Ach + b? 


The current modern stage, called the symbolic ne ee 
_ with the use of exponents rather than words to symbolize 
exponential expressions. This occurred near the beginning of _ 
the 17th century with the publication of the book La Géométrie 
__ by René Descartes. Modern notation is still evolving as 
mathematicians continue to search for convenient methods to 
symbolize oo 
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5 EG, T..1.O9N«Lh1 
Solving Quadratic Equations 
by Factoring or by Taking 
Square Roots 








BB Solve quadratic equations by factoring 


In Section 5 of the chapter on Factoring, we solved quadratic equations by factor- 
ing. In this section, we will review that material and then solve quadratic equa- 
tions by taking square roots. 


An equation of the form ax* + bx + c = 0,a # 0, is a quadratic equation. 


ax 3x1 = 0; p= 40 = —3e = 1 
3x7 = 4=0; a=3,b=0, c=-A4 


A quadratic equation is also called a second-degree equation. 


A quadratic equation is in standard form when the polynomial is in descending 
order and equal to zero. 


Recall that the Principle of Zero Products states that if the product of two factors 
is zero, then at least one of the factors must be zero. 


Ifa:b=0,thena=O0orb=0. 
The Principle of Zero Products can be used in solving quadratic equations. 


© Solve by factoring: 2x? — x = 1 


2 ee 
Write the equation in standard form. nl 
Factor the left side of the equation. Qe Ge 1) = 0 
If (2x + 1)(x — 1) = 0, then either 2x +1=0 x-1=0 
20 n= Oror xe 1.0) 
Solve each equation for x. 2 all x= | 
1 
ao 


; i 
The solutions are 5 and1. @ 
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A graphing calculator can be used to check the solutions of a quadratic 


: i 
equation. Consider the example above. The solutions appear to be — 5 
: ee 
and 1. To check these solutions, store one value of x, — 5, in the calcu- 
I yi 
lator. Note that after you store —; in the calculator’s memory, your calcula- 


tor rewrites the fraction as the decimal —0.5. Evaluate the expression on the 
left side of the original equation: 2(—0.5)* — (—0.5). The result is 1, which is 
the number on the right side of the original equation. The solution —0.5 
checks. Now store the other value of x, 1, in the calculator. Evaluate the 
expression on the left side of the original equation: 2(1)* — 1. The result is 1, 
which is the number on the right side of the equation. The solution 1 checks. 





® Solve by factoring: x? = 10x — 25 


x= 10% 25 
Write the equation in standard form. x? — 10x + 25=0 
Factor the left side of the equation. x= 5) — 5) =6 
Let each factor equal 0. X50 LO) 
Solve each equation for x. x=5 x=5 


The factorization in this example produced two identical factors. Because x — 5 
occurs twice in the factored form of the equation, 5 is a double root of the 
equation. CJ 





2 

™ Example 1 Solve by factoring: 5 + : aa : =0 

; Ze goose 
| Solution 5) ee 0 
6 eer Wed |e ee : 
: eer te ie 6(0) > To eliminate the fractions, multi- 
ply each side of the equation by 6. 
| 82 dz 1,0 > The quadratic equation is in stan- 
dard form. 
Gz = H(z + iy =0 > Factor the left side of the equation. 
) 3z -1= z+1=0 > Let each factor equal zero. 
32 = Z=—1_ > Solve each equation for z. 
' a 
| S 
; 1 
The solutions are 3 and =: > : and —1 check as solutions 
CORES 1 
Problem 1 Solve by factoring: St Yea 


Li Solution See page $24. 
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LOOK CLOSELY 


Recall that the solution of the 
equation |x| = 5 is +5. This 
principle is used when 
solving an equation by taking 
square roots. Remember that 


1/x = |x|. Therefore, 


x? = 25 
Vx = V8 
IW=5 VP = | 
x=+5 pPif|lx =5, 
then x = +5. 
LOOK CLOSELY 


You should always check your 
solutions by substituting the 
proposed solutions back into 
the original equation. 
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Solve quadratic equations by taking 
Square roots 


Consider a quadratic equation of the form x? = 25 
x* = a. This equation can be solved by factor- x? —- 25=0 
1S; et 5) (2) ==) 
wa oO) ee) 
Ls) aa 


The solutions are —5 and 5. 


Solutions that are plus or minus the same number are frequently written using +. 
For the example above, this would be written: “The solutions are +5.” Because the 
solutions +5 can be written as +\/25, an alternative method of solving this equa- 
tion is suggested. 


Principle of Taking the Square Root of Each Side of an Equation 





If x? =a, thenx=+Va. — 


©) Solve by taking square roots: x* = 25 


x? = 25 
Take the square root of each side of the Vx? = 25 
equation. 
Simplify. REN 23 = 5 


Write the solutions. The solutions are 5 and —5. @ 


® Solve by taking square roots: 3x* = 36 


3x? = 36 
Solve for x’. x= 12 
Take the square root of each side of Vx? = V/12 
the equation. 
Simplify. ee N/ 1D ee 
Check: 
3x* = 36 3x? = 36 
BY O36 93(=2 V3) a) #56 
3(12) 1-36 3(12) | 36 
These are true equations. The solu- BOL 56 3OL= 156 


tions check. 


Write the solutions. The solutions are 2V’3 and —2V3. @ 
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A graphing calculator can be used to check irrational solutions of a 
quadratic equation. Consider the example above; the solutions 2V3 
and —2\V/3 checked. To check these solutions on a calculator, store one 
value of x, 2V3, in the calculator. Note that after you store this number in the 
calculator’s memory, your calculator rewrites the expression as the decimal 
3.464101615, which is an approximation of 23. Evaluate the expression on 
the left side of the original equation. The result is 36, which is the number 


on the right side of the original equation. The solution 2V3 checks. Now 
store the other value of x, —2V3, in the calculator. Note that after you store 
this number in the calculator’s memory, your calculator rewrites the expres- 
sion as the decimal —3.464101615, which is an approximation of —2V3. 
Evaluate the expression on the left side of the original equation. The result is 
36, which is the number on the right side of the equation. The solution —2V3 
checks. 





Example 2 Solve by taking square roots. 
At 72— 0 Be le = 0 
Solution A. 2x* — 72=0 
PS ani > Solve for x’. 
x° = 36 
Viet = 36 > Take the square root of each side of the 

x= +V36 equation. 
Le O 


The solutions are 6 and —6. 


B. x7 + 16=0 
x? = -16 
V2 = V/—16 > \/—16 is not a real number. 


The equation has no real number solution. 


Problem 2 _ Solve by taking square roots. 
A. 4x7-96=0  B. x7 + 81=0 


Solution See page S24. 


An equation containing the square of a binomial can be solved by taking square 
roots. 


® Solve by taking square roots: 2(x — 1)? — 36 = 0 
| (x — 17 — 36 =0 


Solve for (x — 1)*. 2x = 1) = 36. 

= 17418 
Take the square root of each side V(x =v 
of the equation. 
Simplify. Y= L218 


x-1=+3V2 
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Solve for x. x-1=3V2 x—-1=-3V2 
Mee BN) ete 
Check: 2(x — 1)? — 36 =0 






2(1 + 3V2 - 1? — 36 | 0 
2(3V2)? — 36 | 0 

2(18) — 36 | 0 

36 — 36 1 0 

0=0 


2(— 1)? — 36 = 0 


2(1 — 3V2 - 1% — 36 | 0 
2(-3V2)? — 36 | 0 





218) — 36" "0 
36-736.) 0 
0=0 
Write the solutions. The solutions are 1 + 3V2and1—3V2. @ 
Example 3 Solve by taking square roots: (x — 6)* = 12 
Solution (C6) 412 > Take the square root 
VAX 6)? = 1/12 of each side of the 
x 6 v2 equation. 
x-6= +2V3 
x -6=2V3 x-6=-2V3 > Solve for x. 
x=6+2V3 x=6-2V3 


The solutions are 6 + 2/3 and 6 — 2/3. 


Problem 3 Solve by taking square roots: (x + 5)? = 20 
Solution See page $24. 


CONCEPT REVIEW I11.1 
Determine whether the statement is always true, sometimes true, or never true. 
1. 2x* — 3x + 9 is a quadratic equation. 


2. By the Principle of Zero Products, if (3x + 4)(x — 7) = 0, then 3x + 4 = Oor 
i a= (), 


3. A quadratic equation has two distinct solutions. 


4. To solve the equation 3x* — 26x = 9 by factoring, first write the equation in 
standard form. 


5. To say that the solutions are +6 means that the solutions are 6 and —6. 


6. If we take the square root of the square of a binomial, the result is the 
binomial. 
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EXERCISES I1.1 

§U For the given quadratic equation, find the values of a, b, and c. 
1. 3x*-4x+1=0 2. x27+2x—5=0 3.277 —5 = 0 
4. 477 +1'=0 5. 6x? — 3x =0 6. —x?+ 7x =0 
Write the quadratic equation in standard form. 
7, x? = $= 3x 8. 2x*7=4x-1 9. «x2 = 16 


10. x +5=x(x — 3) Tl 26483)7:=5 2. Aa — 17 =3 


13. ¥ How does a quadratic equation differ from a linear equation? 
14. ¥ What does the Principle of Zero Products state? 


15. Explain why the equation x(x + 5) = 12 cannot be solved by saying 
OLA, = 12. 


16. ¥ What is a double root of a quadratic equation? 


Solve by factoring. 


17. x2+2x-15=0 18. 1?+3t-10=0 19. z7-42+3=0 
DO esa ps 140) 21. p> 3p +2 = 0 22. U4 +.60) = 0 
230 x4— 16x = 9 =10 24. y?— 8y + 16=0 25. 6° — 9 =) 
26. 12y? + 8y=0 27 f= 1037 28. i7-12=4t 
29. 3v?- 5v+2=0 30.) 2p — 3p — 2 = 0 31. 35° = 853 
32. 3x2 + 5x =12 33. 6r?=12—r | 34. 4? =4t+3 
35. 5y? + lly = 12 36. 4v?- 4v+1=0 37. 9s?- 6s +1=0 
38. x°-9=0 39. t?-16=0 40. 4y7-—1=0 
41. 922-4=0 42. x+15=x(x —1) 43, 2 4-2 
a4, 2 = 3y-5 5. 2 +x=2 46. y= 2 
47, 322-2 = 3 a, 5-1-2 

49. p+ 18=p(p — 2) 50; tr? Sp 1 Dee (27 =) ee) 


51. s*+ 5s — 4 = (2s + 1)(s — 4) 52. x? +x+5 = Bx + 2)(x—-4) 
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Solve by taking square roots. 


53. 


We 


61. 


65. 


69. 


IPE 


They 


78. 


81. 


84, 


87. 


x? = 36 54. y*? = 49 Dba seal) 56. z>- 64=0 

4x* — 49 = 0 58. 9w? — 64=0 59. 9y7=4 60. 427 = 25 

1607 = 9 =0 62. 25x? — 64=0 63. y+ 81 =0 64. z27+49=0 

w> — 24 =(0 665 0 45 —=) 67. (x — 1) = 36 68. (y+ 2)? = 49 

2x + 5)? =8 70. 4(z — 3)? = 100 Tee? (Cora meen 0) 

3@ — 4)? = 27 73. 4(x +5)? = 64 74. W(x — 3) =81 

2(x — 9)? = 98 70. Oe 5) 125 712” V2(OoB)> =27. 

8(x — 4)? = 50 79. Kx = 1)? 16—=0 80. 4(y +3)? — 81 =0 

49(0 + 1)? — 25 =0 82. 81(y — 2)? — 64=0 83 = 4) 20 = 0 

(y +5)? -50=0 85. (x + 1)? +36=0 86. (y— 7) +49=0 
ny 3) 2c 

22 a y =s12 88. 3(0 ts :) = 36 89. a(x = 2) = 16 


APPLYING CONCEPTS 11.1 


Solve for x. 

90. (x*- 17 =9 91. (x? + 3)? =25 

92. (6x7 -5/ =1 32 22=x 

94. ax? — bx =0,a>Oandb>0 95. ax? -b=0,a>O0andb>0 
96. Investments The value P of an initial investment of A dollars after 2 years 


97. 


is given by P = A(1 + 1)’, where r is the annual percentage rate earned by the 
investment. If an initial investment of $1500 grew to a value of $1782.15 in 
2 years, what was the annual percentage rate? 


Energy The kinetic energy of a moving body is given by E = smo", where 


E is the kinetic energy in newton-meters, m is the mass in kilograms, and v is 
the speed in meters per second. What is the speed of a moving body whose 
mass is 5 kg and whose kinetic energy is 250 newton-meters? 
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98. Automobiles On a certain type of street surface, the equation d = 0.05507 
can be used to approximate the distance d a car traveling v miles per hour 
will slide when its brakes are applied. After applying the brakes, the owner 
of a car involved in an accident skidded 40 ft. Did the traffic officer investi- 
gating the accident issue the car owner a ticket for speeding if the speed limit 
was 30 mph? 








Spee. tel ON: -LieZ 
Solving Quadratic Equations by 
Completing the Square 


SS ml 
BH Solve quadratic equations by completing (5) 
the square 
Recall that a perfect-square trinomial is the square of a binomial. 
Perfect-square Trinomial Square of a Binomial 
x Ox 9 = (x + 3)? 
x? — 10x + 25 = (x — 5) 
x? + 8x + 16 = (x + 4)? 


For each perfect-square trinomial, the square of 5 of the coefficient of x equals the 
constant term. 


2 
x? + 6x + 9, (i 6} = 
2 


2 
x? — 10x + 25, iy (-10) = 25 E coefficient of x] = Constant term 


1 


Z 
x? + 8x + 16, (}-8} = 16 


This relationship can be used to write the constant term for a perfect-square tri- 
nomial. Adding to a binomial the constant term that makes it a perfect-square tri- 
nomial is called completing the square. 


=) Complete the square of x* — 8x. Write the resulting perfect-square trinomial as 
the square of a binomial. 
On 


2 
Find the constant term. H (-8) = 16 
Complete the square of x7 — 8x by adding the x seBxHadl'G 
constant term. 


Write the resulting perfect-square trinomial as xe =< <Suit Mbl=a(oe 14) 
the square of a binomial. « 


POINT OF INTEREST 


Early mathematicians solved 
quadratic equations by 
literally completing the 
square. For these mathe- 
maticians, all equations had 
geometric interpretations. 
They found that a quadratic 
equation could be solved by 
making certain figures into 
squares. See the Projects 
and Group Activities at the 
end of this chapter for an 
idea of how this was done. 
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"Complete the square of y? + 5y. Write the resulting perfect-square trinomial as 
the square of a binomial. 


y* + 5y 
2 Z 
Find the constant term. i 5| = 3) Si = 


Complete the square of y* + 5y by adding the yh Sy = = 
constant term. 


2 
Write the resulting perfect-square trinomial as eee OV iat = = ly sf 5} 
the square of a binomial. « 


A quadratic equation that cannot be solved by factoring can be solved by com- 
pleting the square. The procedure is: 


. Write the equation in the form x” + bx = c. 

. Add to each side of the equation the term that completes the square on x* + bx. 
. Factor the perfect-square trinomial. Write it as the square of a binomial. 

. Take the square root of each side of the equation. 

. Solve for x. 


or WN 


» Solve by completing the square: x* — 6x — 3 = 0 


Add the opposite of the constant x* — 6x -3=0 
term to each side of the equation. x? — 6x =3 


Find the constant term that com- 


2 
pletes the square of x* — 6x. se 





1 
58) 
Add this term to each side of the x? — 6x $9=3 49 
equation. 


Factor the perfect-square trino- (c= 3)e = 12 
mial. 


Take the square root of each side V (=*3)? = V2 
of the equation. 


Simplify. x= 8 = Vy 12 
x -3=4+2V3 
Solve for x. x —-3=2V3 x-3=-2V3 
YH 3 ONS Mans OS 
Check: 
x* —- 6x -3 = 0 
(3 + 2V3) — 6(3 + 2V3) —3 | 0 
Ope IN pe 12 AS — 19/3 2k 
0=0 
x? —- 6x -3 =0 
(3 — 2V3) — 6(3 — 2V3) -3 | 0 
21/3 12'=-184+ 12V3 —3 | 0 
0=0 


Write the solutions. The solutions are 3 + 2V3 and3 — 2V3. @ 
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For the method of completing the square to be used, the coefficient of the x* term 
must be 1. If it is not 1, we must multiply each side of the equation by the recip- 
rocal of the coefficient of x*. This is illustrated in the example below. 


= Solve by completing the square: 2x7 — x -1=0 






Add the opposite of the constant term to 2x* Sa ie) 
each side of the equation. 2x t= gd 
The coefficient of the x? term must be 1. 5 (2x? — x) =5 onl 
Multiply each side by the reciprocal of the , fl 
coefficient of x”. et ee 
Find the constant term that completes the E | al \ ( al “ah 
ol 2h 2) \ eae 
square of x* — 5X 
Add this term to each side of the equation. ae 5X + - = : = ~ 
2 
Factor the perfect-square trinomial. (» = 3) = = 
2 
Take the square root of each side of the (» = 1 a ~ 
equation. 
? : i 9 
Simplify. Joi OSs 6 
pare 
as hoa 7 
Lee ear sea 
Solve for x. rer ee 7 
= eae 
Kom. gd Bo 
Check 
2 
20) = ia 
2 
2. — AMO) 





Write the solutions. The solutions are 1 and — * a 
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Example 1 Solve by completing the square. 


A. 2x? — 4x -1=0 
Solution A. 2x* — 4x -1=0 














B. p?- 4p +6=0 











term to each side of the equation. 


2x7 = Ax = 1 > Add the opposite of —1 to each side 
of the equation. 
5 (2x? — 4x) = : sl > The coefficient of the x? term must 
' be 1. 
2 —_ SS = 
ny 5 
oD e d ea : +1  » Complete the square of x? — 2x. Add 
: 1 to each side of the equation. 
é 
i («x -1P = : > Factor the perfect-square trinomial. 
5 
i 
i V(x =17 = 3 > Take the square root of each side of 
f z the equation. 
3 
— = + ae 
Shee ae 2s 5 
V2 
eo eek > Rationalize the denominator. 
Ve ENE IN2S Ne 
VoueraVieie M2) mesg? 
V6 | herniV6 
ale eae es 5 
V6 ot V6 
x=1+ or x=1 2 
Be se eS 
2, 2 2 2. 
S 2 Ve se a0 
: 2 2 
2 l= 
The solutions are 7~Y® and # = 2 
| B. p?- 4p +6=0 
: p Ap =e —6 > Add the opposite of the constant 
i 


p—-4p+4=-6+4 


(ie ae 
Vp — 22 = V-2 





Keo — 6% 72 —() 


| 
| 
L 


Solution See page S24. 


> Complete the square of p* — 4p. Add 
4 to each side of the equation. 

> Factor the perfect-square trinomial. 

> Take the square root of each side of 
the equation. 


V —2 is not a real number. 
The equation has no real number solution. 


Problem 1 _ Solve by completing the square. 
B. y — 6by + 10=0 
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™ Example 2 


i! 


Solution 


Problem 2 


bes Solution 


CONCEPT REVIEW 11.2 





Solve by completing the square: x? + 6x + 4 = 0 
Approximate the solutions to the nearest thousandth. 


x7 +6x+4=0 


x? + 6x = —4 
x2 + 6x +9=-—4+9 >» Complete the square of x* + 6x. Add 9 to 
(x + 37% =5 each side of the equation. 
V(x + 32 = V5 
x+3=+V5 
X oe Bec 22 OO! 
Ve Ore 2200 L Yr oi= = 2 On. 
Ni =o er 2.2001 Nie 9 = 2 ON 
= —(0.764 7 — 5.236 


The solutions are approximately —0.764 and —5.236. 


Solve by completing the square: x* + 8x + 8 = 0 
Approximate the solutions to the nearest thousandth. 


See page S25. 


Determine whether the statement is always true, sometimes true, or never true. 


ile 


Ze 


When we square a binomial, the result is a perfect-square trinomial. 


The constant term in a perfect-square trinomial is equal to the square of one- 


half the coefficient of x. 


To “complete the square” means to add to x” + bx the constant term that will 


make it a perfect-square trinomial. 


To complete the square of x” + 4x, add 16 to it. 


To complete the square of 3x* + 6x, add 9 to it. 


In solving a quadratic equation by completing the square, the next step after 
writing the equation in the form (x + a)? = bis to take the square root of each 


side of the equation. 


EXERCISES 11.2 


a Complete the square. Write the resulting perfect-square trinomial as the square of 


a binomial. 
1. x*+ 12x 2. x*-— Ax 3. x*+ 10x 
4. x? + 3x 5. x*-x 6. x?+ 5x 
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Solve by completing the square. 


Tmt 2x — 3 ='() 8. y+ 4y—-5=0 9. v+4v+1=0 10. <7 24 — bi=10 
iio 60 13 = 0 12 ax 130 13. x? + 6x=5 14. w*- 8w=3 
15. x? =4x—4 16. z* = 8z — 16 17, 2227 1 18. y? = 10y — 20 


Solve. First try to solve the equation by factoring. If you are unable to solve the 
equation by factoring, solve the equation by completing the square. 


19. p?>+3p=1 2057 on 21. w®+7w=8 
22. y+ 5y=-4 23. x7 + 6x+4=0 24. y?— 8y—-1=0 
25. r?— 8r=-2 26. s+ 6s=—5 27.. f —3t=—2 
28. y=4y+12 29. w=3w+5 30 te lox 
Sie = t= 1 0 Sie Sete ene Bocconi ae acto aca) 
34s oe = 2 35. v+v-3=0 36. 0 —x=1 

37. y°=7— 10y 38. v'=14 + 1l6v 39. s?+3s=-1 
AD ois = or 5 41. P-t=4 42, yw +y—-4=0 
AS tet oXa 0 AA 7 eb 7 = 0 455 2 Ot 0) 
46, 2x7 — 7x +13 =0 47, 27? + 5r=3 48. 2y? — 3y =9 
49, 4v*— 40-1=0 50. 2s?— 4s -—1=0 51. 427-8 =1 
52. 3r7-2r=2 53.08 Oy Ly) 54. 4p 2 =(p — 1)(p + 3) 
55. v+=3 56. = e=1 57. 2 = 2x +3 
58. aa 2 59, 2 +2=5 60. 7-2=5 
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Solve by completing the square. Approximate the solutions to the nearest thou- 


sandth. 
61. y?>+3y=5 62. w+ 5w=2 63... 227 = Bz 
64. 2x? +3x=11 65. 4x*+ 6x -1=0 66. 4x7 + 2x —-3=0 


APPLYING CONCEPTS 11.2 





Solve. 


x oh be ake Liga wre ud 2B ee 
G7 AN ZN 4 = 68. earns 69. ee Eee 4 











70. Y Explain why the equation (x — 2)? = —4 does not have a real number 
solution. 





SECTION 11.3 

—s« Solving Quadratic Equations 
by Using the Quadratic 
Formula 


3 

H@ Solve quadratic equations by using the (C3) 
quadratic formula 

Any quadratic equation can be solved by completing the square. Applying this 


method to the standard form of a quadratic equation produces a formula that can 
be used to solve any quadratic equation. 


To solve ax* + bx +c =0, a 40, by ax? ++ bx +c=0 
completing the square, subtract the ax* + bx + ¢=ic= 016 
constant term from each side of the a Oy = —¢ 
equation. 

Multiply each side of the equation by ; (ax* + bx) = . (=¢) 


the reciprocal of a, the coefficient of x’. 3 


hans Ones 
a a 


2 2 2 
Complete the square by adding (2 : 4 x? + a + . = F : es 
: ; 2a a 2G 2G a 
to each side of the equation. ; 
x2 + be + wv = ae ce c 

a aio AVP ig 
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Simplify the right side of the equation. OTT Oh | UE REE Ae a 
a 4a*> — Ag* a 4a 
BS oi oy ae 
a | aaa Aa* 
Dene ee _ = 4ae 
itch ea cae ae 
2 a 
Factor the perfect-square trinomial on E a # =o A . = 
the left side of the equation. : 4 
2 
Take the square root of each side of the [x > >) a 4 * = 
equation. ; s 
b b? — 4Aac 
ae 
eas yu a 
A/h2 — 2 
Solve for x. pa eee’ Oo pepe ae 
2a 2a 2a 2a 
Fe ae aoe oie ele b? — 4ac 
2a 2a 2a 2a 
ie ON Une aae ii Une Ua eee 
2a 2a 
The Quadratic Formula 
The solution of ax? + bx +c=0,a40,is 
ae ob Wer fac 
2a 2a 
The quadratic formula is frequently written in the form 
_ —b+Vb?— 4ac 
x= 
2a 
®™ Solve by using the quadratic formula: 2x* = 4x — 1 
2x7 = 4x -—1 
Write the equation in standard form. 2x* — 4x +1=0 
a=2,b=-4,andc = 1. 
Replace a, b, and c in the quadratic for- _ —b + Vv = 4ac 
mula by their values. 2a 
negate me A 4a 
Simplify. = So 
i oe VION 
4 
_4+Vv8 
4 
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2x7 = 4x -—1 
DY yD 
2 (2+ V2)-1 
4+2V2-1 
ee 3 aD ee Be 
342V2=3 +2V2 3= 2/2 =3 -2V2 
Write the solutions. The solutions are 2 S v2 and —— . « 


r Example 1 Solve by using the quadratic formula. 
Ade 3x 1 10" BA 2g einen 
Cat Pte =O) 





Solution A. 2x? —-3x+1=0 -a=2,b=-3,c=1 
CVE 

| Ee: 

eyo 8 8 Vi eed 

: 4 4 4 

_3+1 waa 

“Sig 4 

me ee 

' ita EES 


The solutions are 1 and = 














: B. 2x? = 8x —5 
2x7 — 8x +5=0 > Write the equation in stan- 
| ies ~(-8) + Viz8)2 = ADS) ce form. @=2,.b = —8, 
to c=5 

Dis, 
i _ 8+ V64— 40 
| 4 
| bay 28 
4 

ee 2 V6 

4 
_ 24+ V6) _ 4+ V6 
Die? 2 
The solutions are a jas 

Cat Bie) Pa=1,b=-3,c=7 
pe DCD AVG 84D) 
i 2(1) 
shied VO 8 8 eo 
f 2: 2. 
V —19 is not a real number. 


The equation has no real number solution. 
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Problem 1 _ Solve by using the quadratic formula. 
A. 3x7 +4x-4=0 B.x?+2x=1 
Chg Az a6r= 0 


Solution See page S25. 





CONCEPT REVIEW 11.3 





Determine whether the statement is always true, sometimes true, or never true. 


1. Any quadratic equation can be solved by using the quadratic formula. 


=hee a ae 
2. The solutions of a quadratic equation can be written as x = ae a 
= UieenY Ue—n age 
and x = eee wea) 


3. The equation 4x* — 3x = 9 is a quadratic equation in standard form. 


—b+ VP — 4 


4, Inthe quadratic formula x = me a bis the coefficient of x”. 


eae simplifies to 3 + 2V3. 


EXERCISES 11.3 


Be 1. VA Write the quadratic formula. Explain what each variable in the formula 
represents. 


2: ¥ Explain what the quadratic formula is used for. 


Solve by using the quadratic formula. 


3. 27+6z—-—7=0 4. s?+3s—10=0 5.1 we = 3a 18 6. 7 =5—4r 
Taet—ii= 5 8. y? — 4y =6 9. # + 6t-1=0 10. z227+4z+1=0 
demo ow De 0 12,4 92x +6 = 0 13. w?>=4w+9 14. y=8y+3 


Solve. First try to solve the equation by factoring. If you are unable to solve the 
equation by factoring, solve the equation by using the quadratic formula. 


ibe op —p=—0 16. 2” +v=0 17, 14 = 4t > 1 =0 
18. 427 — 8x —1=0 19. 4°—-9=0 20. 4s? -— 25=0 
Die oc 16x tk? 10 D2) Sioxtbri Gx 13 23. 3P =2t+3 


24, 4n7=7n — 2 5. 2x7 +x+1=0 26. 3r7>-r+2=0 
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27. 2y? + 3 = 8y 28. 
30., 3x7 = 10x + 8 31; 
O30 OX" =a 40 34. 
86.) xe 7 — 10 = 0 37. 
39. wt+6v+1=0 40. 
42. 4w* — 20w+5=0 43. 
45. 9y? + 6y-1=0 46. 
48. 6y?+5y—-4=0 49. 
51. 4x? = 4x + 11 52. 
54. 3y? + 6y= —3 55. 
57. = Sigal 58. 
60. i + 2x = 61. 


Solve by using the quadratic formula. Approximate the solutions to the nearest 





thousandth. 
63. = or 21 =O 64. y> + 4y—-11=0 65. 
66. w+ 8&w—-15=0 67. 2p? —7p —10 =O 68. 
69. 4z*°+ 8-1=0 70. 4x?+7x+1=0 vale 
APPLYING CONCEPTS 11.3 
Solve. 
72. Ve +2x+1=x-1 3 ae 74. 
3 LED 

75. True or false? 

a. The equations x = V12 — x and x* = 12 — x have the same solution. 

b. If Va + Vb =c, thena + b = c2. 

c V9 = +3 

d, Vee = (x 
76. Factoring, completing the square, and using the quadratic formula are 


three methods of solving quadratic equations. Describe each method, 
and cite the advantages and disadvantages of using each. 


TTS Explain why the equation 0x* + 3x + 4 =0 cannot be solved by the 


quadratic formula. 


5x? -1=x 
By? — 4 = 5y 
on = 7— on 
5z* + 11z = 12 
s+ 4s —8=0 
=A 5 


9s* — 68 -2 = 0 
4p? + 16p = -11 
As? + 128 = 3 


9v* = —30v — 23 


2 


ES Ki 
Lae? 
nee amen 
ce is 








Zo: 


OZ 


35. 


38. 


41. 


44, 


47. 


50. 


53. 


56. 


Bo: 


62. 


3f = 7t +6 
6x? —5 = 3x 
5d* — 2d -8 =0 


4’? =v +3 


4? — 12t -15=0 


3r? = 5r — 6 
6s = 3s —2'=0 
Ay* — 12y = -1 
Ay? = —12p — 9 
of = 30t + 17 
axtl 
ive 


s*? — 6s - 13 =0 


SP = 891 0 








5v -v-5=0 
ciel ces 
5 Pees 
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5 yEsGak 1,0 «N. 11.4 
Graphing Quadratic Equations 
in Two Variables 


EH Graph a quadratic equation of the form (3) 
y=ax>+bxic 





An equation of the form y = ax* + bx + c,a # 0, is a qua- G00 nee al 
dratic equation in two variables. Examples of quadratic a 
equations in two variables are shown at the right. y = 2x’? — 5x 


For these equations, y is a function of x, and we can write f(x) = ax* + bx +c. 
This represents a quadratic function. 


The graph of a quadratic equation in two variables is a parabola. The graph is 
“cup-shaped” and opens either up or down. The graphs of two parabolas are 
shown below. 


Parabola that opens up Parabola that opens down 


® Graph: y = x? — 2x — 3 


Find several solutions of the equation. Be- 
cause the graph is not a straight line, several 
solutions must be found in order to deter- 
mine the cup shape. 


Display the ordered-pair solutions in a table. 


Graph the ordered-pair solutions on a rec- 
tangular coordinate system. 


Draw a parabola through the points. 
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POINT OF INTEREST 


Mirrors in some telescopes 
are ground into the shape of 
a parabola. The mirror at the 
Mount Palomar Observatory 
is 2 ft thick at the ends and 
weighs 14.75 tons. The mirror 
has been ground to a true 
paraboloid (the three- 
dimensional version of a 
parabola) to within 
0.0000015 in. An equation of 
the mirror is y = 2640x”. 


Using a graphing utility, enter the equation y = x° — 2x — 3 and verify 
the graph shown above. (Refer to the Appendix for instructions on 


using a graphing calculator to graph a quadratic equation.) Trace along the 
graph and verify that (0, —3), (1, —4), (-1, 0), (2, —3), and (3, 0) are coordi- 
nates of points on the graph. 





The graph of y = —2x? + 1 is shown below. 


Use a graphing utility to verify the graph of y = —2x? + 1 shown above. 





Note that the graph of y = x* — 2x — 3, shown on the previous page, opens up 
and that the coefficient of x” is positive. The graph of y = —2x* + 1 opens down, 
and the coefficient of x* is negative. For any quadratic equation in two variables, 
the coefficient of x* determines whether the parabola opens up or down. When a 
is positive, the parabola opens up. When a is negative, the parabola opens 
down. 


Every parabola has an axis of symmetry and a ver- " 
tex that is on the axis of symmetry. If the parabola 
opens up, the vertex is the lowest point on the 
graph. If the parabola opens down, the vertex is the 
highest point on the graph. 





To understand the axis of symmetry, think of fold- Vertex 
ing the paper along that axis. The two halves of the VA 
graph will match up. | | symmetry 


When graphing a quadratic equation in two variables, use the value of a to deter- 
mine whether the parabola opens up or down. After graphing ordered-pair solu- 
tions of the equation, use symmetry to help you draw the parabola. 
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Example1 Graph, A. y=x?-2x B. y=—x?+4x-4 


Solution A. a= 1.2 is positive 





The parabola opens up. 

& y 
0 0 
Dobe 

=i 3 
2 0 
3 5 

B. a = —1.a@ is negative. 


The parabola opens down. 





Problem1 Graphh A. y=x?+2 B. y=-x?-2x+3 





= Solution See page S26. 





CONCEPT REVIEW 11.4 


Determine whether the statement is always true, sometimes true, or never true. 


1. The equation y = 3x* — 2x + 1 is an example of a quadratic equation in two 
variables. 


2. The graph of an equation of the form y = ax? + bx + c,a # 0, is a parabola. 
3. The graph of an equation of the form y = ax’ + c,a # 0, is a straight line. 
4. For the equation y = —x* + 2x — 1, when x = 1, y = 2. 

5. The graph of the equation y = — : x* + 5x is a parabola opening up. 


6. Ifa parabola opens down, then the vertex is the highest point on the graph. 


EXERCISES 11.4 


Be 1. ¥ What is a parabola? 


ie Explain how you know whether the graph of the equation 
y = —2x* + 3x + 4 opens up or down. 
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3: ¥ Explain the axis of symmetry of a parabola. 


4. ¥ What is the vertex of a parabola? 


Determine whether the graph of the equation opens up or down. 


5 a= 8 6 y=-x*+4 Ds y= 5x? -2 
8. y= —3x2 +5 9 y= xo = Det 3 10) f= a 
Graph. 
1) yx" 12 ety axe 132 iy =e 
14) y= 1 15. y = 2x? 16. y= 5x 
; 
Dak esl 18 eet asl 19. y=x?- 4x 
20. y=x* + 4x 21 ab Up eae as 226 Vain aha 2 
23 = =i x 8 24. y=x?+2x4+1 25. ¥ = =x ox =A 


26. ¥ = —x* + 6x =9 27. Y=2ax x3 28. oe 3x 


Section 11.4 / Graphing Quadratic Equations in Two Variables 525 


SA Graph using a graphing utility. Verify that the graph is a graph of a parabola 
opening up if @ is positive or opening down if a is negative. 





DO 2 30. y= —x?+3 31. y= x* + 2x 
32. Y= 2x? +14x 33. y= 5x? =x 34. y= 5x? +2 
B53 ae => XD 36. fe By 2 BT eke 
B82 — = ON ox +2 0 a al 40. y= 5x? -2v-1 


APPLYING CONCEPTS 11.4 


Show that the equation is a quadratic equation in two variables by writing it in the 
form y = ax? + bx +c. 


41. y+1=(x — 4) ey — 2 = Bin + AB. (y= Av (x= 3): 


The x-intercepts of a parabola are the points at which the graph crosses the x-axis. 
Because any point on the x-axis has y-coordinate 0, the x-intercepts of a parabola 
occur when y = 0. Therefore, the x-coordinate of an x-intercept is a solution of the 
equation ax? + bx + c = 0. For example, the solutions of the equation x* — 1 = 0 
are 1 and —1, and the graph of the equation y = x? — 1 crosses the x-axis at (1, 0) 
and (—1, 0). Determine the x-intercepts of the graphs of the following equations. 


44. y=x’?-4 45. y= x? +4 46 oy = en 


47. y=x’?— Ax 48. y=x>—-4x+3 49. y =2x* — x “1 
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Evaluate the function. 


50. Find f(3) when f(x) = x* + 3. 51. Find g(2) when g(x) = x? — 2x — 3. 

52. Find S(—2) when S(t) = 2t — 3t — 1. 53. Find P( — 3) when P(x) = 3x? — 6x — 7. 
Graph. 

54. f(x) = 2x? -3 55. fx) = 3x" 56. fx) =x2 + 2x -4 
57. f(x) = —x2 + 2-1 58. f(x) = 2x? -— 4x - 3 59. fx) = 5x2 +x-4 
60. The Postal Service The graph below shows the cost of a first-class 





postage stamp from the 1950s to 1999. A quadratic function that 
approximately models these data is y = 0.01147x* — 0.98960x + 21.39750, 
where x = 55 and x = 55 for the year 1955, and y is the cost in cents of a first- 
class stamp. Using the model equation, determine what the model predicts 
the cost of a first-class stamp will be in the year 2010. Round to the nearest 
cent. 


Cost of a First-Class Postage Stamp 





35 


30 


25 


20 


5 


Cost in cents 


10 


1950 1960 1970 1980 1990 2000 
Year 


61. 


62. 


63. 


64. 
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The point whose coordinates are (x,, y,) lies in quadrant I and is a point on 
the graph of the equation y = 2x? — 2x + 1. Given jeer Op ehitn lace 


The point whose coordinates are (x,, y,) lies in quadrant II and is a point on 
the graph of the equation y = 2x? — 3x — 2. Given y, = 12, find x). 


Graph y = x* + 4x + 5. By examining the graph, determine whether the 
solutions of the equation x* + 4x + 5 = 0 are real numbers. 


Graph y = —2x* — 4x + 5. By examining the graph, determine whether the 
solutions of the equation —2x* — 4x + 5 = 0 are real numbers. 





SOBCGP TRL VON! i b1.5 


Application Problems 





BH Application problems 


The application problems in this section are varieties of those problems solved 
earlier in the text. Each of the strategies for the problems in this section results in 
a quadratic equation. 


Solve: It took a motorboat a total of 7 h to travel 48 mi down a river and then 48 mi 
back again. The rate of the current was 2 mph. Find the rate of the motorboat in 
calm water. 
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STRATEGY for solving an application problem 


ma Determine the type of problem. For example, is it a uniform motion _ 
problem, a geometry problem, or a work problem? 


The problem is a uniform motion problem. 





ea Choose a variable to represent the unknown quantity. Write numerical or 
variable expressions for all the remaining quantities. These results can be 
recorded in a | table. 


The unknown rate of the motorboat: r 


Down river:r+2 g—————; 





— 


——_S— Up river: r — 2 


oe ee 48 mi oe eee 
oes [= [= [ine 


eee 


‘mm Determine how the quantities are related. If necessary, review the strategies 
ee in the ve on Solving Equations and Inequalities: ea 


















The total time of the trip was 7 h. 


48 48 


(ee ee 








(r+ 2)(r — | - |= (r+ 2G = 27 


(r — 2)48 + (r + 2)48 = 7r? — 28 
48r — 96 + 48r + 96 = 77? — 28 


96r = 7r? — 28 
= 7r* — 96r — 28 
0 = (r+ 2)¢ — 14) 
TiO r—14=0 
Tt = —2 r=14 


; 23 
The solution —; is not possible, because the rate cannot be negative. 


The rate of the motorboat in calm water is 14 mph. 


SSS SSS SSS SR HS SS SESS IOI EA 


EE 


ro SSS 


CONCEPT REVIEW 11.5 





Strategy 


Solution 


Problem 1 


Solution 
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Working together, a painter and the painter’s apprentice can 
paint a room in 4 h. Working alone, the apprentice requires 6 
more hours to paint the room than the painter requires working 
alone. How long does it take the painter, working alone, to paint 
the room? 


m= This is a work problem. 
== Time for the painter to paint the room: t 
Time for the apprentice to paint the room: t + 6 











m= The sum of the parts of the task completed must equal 1. 


Aouad t05 
AD cdma 
e+ o(t+ + )=0+6)-1 


(t + 6)4 + £(4) = tt + 6) 
4t+ 24+ 4t=# + 6t 
0 =? — 2t — 24 
0=(¢-6)(¢ +4) 
t—6=0 t+4=0 
t=6 f= —4 > The solution t = —4 is not possible. 


Working alone, the painter requires 6 h to paint the room. 


The length of a rectangle is 3 m more than the width. The area is 
40 m’. Find the width. 


See page S26. 


Determine whether the statement is always true, sometimes true, or never true. 


1. If the length of a rectangle is three more than twice the width and the width 
is represented by W, then the length is represented by 3W + 2. 


2. The sum of the squares of two consecutive odd integers can be represented 


as n+ (n + 1). 


3. Ifit takes one pipe 15 min longer to fill a tank than it does a second pipe, then 


the rate of work for the second pipe can be represented by . and the rate of 


work for the first pipe can be represented by 





1 
t+ 15° 


530 = Chapter 11 / Quadratic Equations 


4. If a plane’s rate of speed is r and the rate of the wind is 30 mph, then the 
plane’s rate of speed flying with the wind is 30 + r and the plane’s rate of 
speed flying against the wind is 30 — r. 


5. The graph of the equation h = 48t — 16t* is the graph of a parabola opening 
down. 


6. A number that is a solution to a quadratic equation may not be a possible 
answer to the application problem it models. Such a solution is disregarded. 





EXERCISES 11.5 


Ea 1. Sports The area of the batter’s box on a major-league baseball field is 24 ft’. 
The length of the batter’s box is 2 ft more than the width. Find the length and 
width of the rectangular batter’s box. 


2. Sports The length of the batter’s box on a softball field is 1 ft more than 
twice the width. The area of the batter’s box is 21 ft*. Find the length and 
width of the rectangular batter’s box. 


3. Recreation The length of a children’s playground is twice the width. The 
area is 5000 ft’. Find the length and width of the rectangular playground. 


4. Sports The length of a singles tennis court is 24 ft more than twice the 
width. The area is 2106 ft*. Find the length and width of the singles tennis 
court. 





5. Integer Problem The sum of the squares of two positive consecutive odd 
integers is 130. Find the two integers. 


6. Integer Problem The sum of two integers is 12. The product of the two inte- 
gers is 35. Find the two integers. 


7. Integer Problem The difference between two integers is 4. The product of 
the two integers is 60. Find the integers. 


8. Integer Problem Twice an integer equals the square of the integer. Find the 
integer. 


9. Work Problem One computer takes 21 min longer to calculate the value of 
a complex equation than a second computer. Working together, these com- 
puters can complete the calculation in 10 min. How long would it take each 
computer, working alone, to calculate the value? 


10. Work Problem A tank has two drains. One drain takes 16 min longer to 
empty the tank than does the second drain. With both drains open, the tank 
is emptied in 6 min. How long would it take each drain, working alone, to 
empty the tank? 





11. 


12. 


13. 


14, 


15. 


16. 


17: 


18. 


19. 


20. 
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Uniform Motion Problem It takes 6h longer to cross a channel in a ferry- 
boat when one engine of the boat is used alone than when a second engine is 
used alone. Using both engines, the ferryboat can make the crossing in 4 h. 
How long would it take each engine, working alone, to power the ferryboat 
across the channel? 


Work Problem An apprentice mason takes 8 h longer than an experienced 
mason to build a small fireplace. Working together, they can build the fire- 
place in 3 h. How long would it take the experienced mason, working alone, 
to build the fireplace? 


Uniform Motion Problem It took a small plane 2 h more to fly 375 mi 
against the wind than it took the plane to fly the same distance with the 
wind. The rate of the wind was 25 mph. Find the rate of the plane in calm air. 


Uniform Motion Problem It took a motorboat 1 h longer to travel 36 mi 
against the current than it took the boat to travel 36 mi with the current. The 
rate of the current was 3 mph. Find the rate of the boat in calm water. 


Uniform Motion Problem A motorcycle traveled 150 mi at a constant rate 
before decreasing the speed by 15 mph. Another 35 mi was driven at the 
decreased speed. The total time for the 185-mile trip was 4 h. Find the 
cyclist’s rate during the first 150 mi. 


Uniform Motion Problem A cruise ship sailed through a 20-mile inland 
passageway at a constant rate before increasing its speed by 15 mph. Another 
75 mi was traveled at the increased rate. The total time for the 95-mile trip 
was 5 h. Find the rate of the ship during the last 75 mi. 


Physics An arrow is projected into the air with an initial velocity of 48 ft/s. 
At what times will the arrow be 32 ft above the ground? Use the equation 
h = 48t — 16#, where h is the height, in feet, above the ground after t seconds. 


Physics A model rocket is launched with an initial velocity of 200 feet per 
second. The height, h, of the rocket f seconds after launch is given by 
h = —16t* + 200t. How many seconds after the launch will the rocket be 
300 ft above the ground? Round to the nearest hundredth. 


Travel In Germany there are no speed limits on some portions of the auto- 
bahn (highway). Other portions have a speed limit of 180 km/h (approxi- 
mately 112 mph). The distance, d (in meters), required to stop a car traveling 
at v kilometers per hour is d = 0.0056v* + 0.14v. What is the maximum speed 
a driver can be traveling and still be able to stop within 150 m? Round to the 
nearest tenth. 


Sports Ina slow-pitch softball game, the height of the ball thrown by a 
pitcher can be modeled by the equation h = —16f? + 24t + 4, where h is the 
height of the ball and t is the time since it was released by the pitcher. If 
the batter hits the ball when it is 2 ft off the ground, how many seconds has 
the ball been in the air? Round to the nearest hundredth. 





Against wind: r — 25 


ee een 
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Safety The path of water from a hose on a fire tugboat can be modeled by 
the equation y = —0.005x* + 1.2x + 10, where y is the height in feet of the 
water above the ocean when it is x feet from the tugboat. At what distance 
from the tugboat is the water from the hose when the water from the hose is 
5 ft above the ocean? Round to the nearest tenth. 


Sports A baseball player hits a ball. The height of the ball above the ground 
at time t can be approximated by the equation h = —16f? + 76t + 5. When 
will the ball hit the ground? Round to the nearest hundredth. (Hint: The ball 
strikes the ground when h = 0 ft.) 


Sports Abasketball player shoots at a basket 25 ft away. The height h of the 
ball above the ground at time f is given by h = —16t* + 32t + 6.5. How many 
seconds after the ball is released does it hit the basket? Round to the nearest 
hundredth. (Hint: When it hits the basket, h = 10 ft.) 


Sports The hang time of a football that is kicked on the opening kickoff is 
given by s = —16? + 88t + 1, where s is the height, in feet, of the football t 
seconds after leaving the kicker’s foot. What is the hang time of a kickoff that 
hits the ground without being caught? Round to the nearest tenth. 


APPLYING CONCEPTS 11.5 


25; 


26. 


Zhe 


28. 


ao: 


30. 


31. 


Geometry A tin can has a volume of 1500 cm’ and a height of 15 cm. Find 
the radius of the base of the tin can. Round to the nearest hundredth. 


Geometry The hypotenuse of a right triangle is V13 cm. One leg is 1 cm 
shorter than twice the length of the other leg. Find the lengths of the legs of 
the right triangle. 


Integer Problem The sum of the squares of four consecutive integers is 86. 
Find the four integers. 


Geometry Find the radius of a right circular cone that has a volume of 
800 cm? and a height of 12 cm. Round to the nearest hundredth. 


The Food Industry The radius of a large pizza is 1 in. less than twice the 
radius of a small pizza. The difference between the areas of the two pizzas is 
3377 in’. Find the radius of the large pizza. 


Gardening The perimeter of a rectangular garden is 54 ft. The area of the 
garden is 180 ft’. Find the length and width of the garden. 


The Food Industry A square piece of cardboard is to be formed into a box 
to transport pizzas. The box is formed by cutting 2-inch square corners from 
the cardboard and folding them up as shown in the figure at the right. If the 
volume of the box is 512 in’, what are the dimensions of the cardboard? 








15cm 








32. 
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Metalwork A wire 8 ft long is cut into two pieces. A circle is formed from k—_— 8 ft —_—— 


one piece and a square is formed from the other. The total area of both fig- Bro goa a2 porter 
<— X <———  § — x ——> 
ures is given by A = =(8 oe = What is the length of each piece of wire O | 


if the total area is 4.5 ft?? Round to the nearest thousandth. 





F ocus on Problem Solving 


Algebraic Manipulation and Graphing Techniques 


Problem solving is often easier when we have both algebraic manipulation and 
graphing techniques at our disposal. Solving quadratic equations and graphing 
quadratic equations in two variables are used here to solve problems involving 
profit. 


A company’s revenue, R, is the total amount of money the company earned by 
sellings its products. The cost, C, is the total amount of money the company spent 
to manufacture and sell its products. A company’s profit, P, is the difference 
between the revenue and cost: P = R — C. Acompany’s revenue and cost may be 
represented by equations. 


A company manufactures and sells woodstoves. The total monthly cost, in dollars, 
to produce n woodstoves is C = 30n + 2000. Write a variable expression for the 
company’s monthly profit if the revenue, in dollars, obtained from selling all n 
woodstoves is R = 150n — 0.4n’. 


P=RK=C 
P = 150n — 0.4n* — (30n + 2000) > Replace R by 150n — 0.4n? and 
P = —0.4n? + 120n — 2000 C by 30n + 2000. Then simplify. 


The company’s monthly profit is P = —0.4n* + 120n — 2000. 


How many woodstoves must the company manufacture and sell in order to make 
a profit of $6000 a month? 


P = —0.4n? + 120n — 2000 
6000 = —0.4n? + 120n — 2000 > Substitute 6000 for P. 
0 = —0.4n? + 120n — 8000 » Write the equation in 
standard form. 
0 = n*? — 300n + 20,000 > Divide each side of the 
equation by —0.4. 


0 = (n — 100)(n — 200) > Factor. 


n — 100 = 0 n — 200 = 0 > Solve for n. 
n = 100 n = 200 


The company will make a monthly profit of $6000 if either 100 or 200 woodstoves 
are manufactured and sold. 
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Suggestions for graphing 
equations and finding the 
x-intercepts can be found in 
the Appendix. 


The graph of P = —0.4n* + 120n — 2000 is shown at 
the right. Note that when P = 6000, the values of n are 
100 and 200. 


Also note that the coordinates of the highest point on 
the graph are (150, 7000). This means that the company 
makes a maximum profit of $7000 per month when 150 
woodstoves are manufactured and sold. oll 





1. The total cost, in dollars, for a company to produce and sell n guitars per month 
is C = 240n + 1200. The company’s revenue, in dollars, from selling all 1 gui- 
tars is R = 400n — 2n’. 

a. How many guitars must the company produce and sell each month in order 
to make a monthly profit of $1200? 

b. Graph the profit equation. What is the maximum monthly profit the com- 
pany can make? 

2. A company’s total monthly cost, in dollars, for manufacturing and selling n 


videotapes per month is C = 35n + 2000. The company’s revenue, in dollars, 
from selling all n videotapes is R = 175n — 0.2n’. 


a. How many videotapes must be produced and sold each month in order for 
the company to make a monthly profit of $18,000? 


b. Graph the profit equation. How many videotapes must the company pro- 
duce and sell in order to make the maximum monthly profit? 





F rojects and Group Activities 


Graphical Solutions of Quadratic Equations 


The real number solutions of quadratic equa- 
tions can be approximated by graphing. 
Recall that to find an x-intercept for a graph, 
we replace y by 0 and solve for x. For -1.192582 
instance, to find the x-intercepts of 

y =x — 3x — 5, first replace y by zero. That 
produces the quadratic equation 

0 = x° — 3x — 5. The solutions of this equa- 
tion can be found by using the quadratic for- 
mula or by graphing y = x? — 3x — 5 and 
approximating the x-intercepts. 





The approximate solutions are 
— 1.192582 and 4.1925824. 


1. Graphically approximate the solutions of 2x* — 3x — 7 = 0. 
2. Graphically approximate the solutions of x? + 5x = 1. Suggestion: First write 
the equation in standard form. 


il 


3. Graphically approximate the solution of ax? — V17x — =a), 


Sl 
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To perform these calculations 
with a T! calculator, first 
store 0.05 in P and then store 
the expression in P. The 
screen should appear as 
below. 


0.05->P 


P+3P(I-P}->P 


Each time you press the 
ENTER key, the expression is 
evaluated with the previous 
result. 


0.05->P 

.05 
P+3P{I-P)->P 

1925 


.65883125 
1.333149152 
7.366232839E-U 
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4. The solution of 0.5x* — 2x + 2 = 0 is a double root. Graphically approximate 
the solution and explain how the graph of y = 0.5x* — 2x + 2 confirms that 
statement. 


5. There are no real number solutions of x* + 4x + 5 = 0. Explain how the graph 
of y = x* + 4x + 5 confirms that statement. 


Iterative Calculations 
Consider the following three expressions: 
pl(4 — 3p) 


When these expressions are written in simplest form, each becomes 4p — 3p’. It 
would seem that if you used a graphing calculator to evaluate these expressions, 
each one should give the same result. However, that is not the case, as we show in 
this project. 


pt oOpCle 0) 4p — 3p? 


We begin with p = 0.05. Evaluating each of the expressions gives the same result, 
0.1925. Now replace p in each expression with the current value in the display, 
0.1925 in this case. This is called feedback because we are feeding our outputs back 
into each expression as inputs. Each new evaluation is called an iteration. The table 
below shows the results of performing the calculations on a TI-83 calculator. 


Iteration | p + 3p — p) Ay — 3p° 





































0.1925 01925 0.1925 

2 0.65883125 0.65883125 0.65883125 
3 1.333149152 1.333149152 1.333149152 
+ 7.366232839E-4 | 7.366232839E-4 | 7.366232838E-4 
5 0.0029448653 0.0029448653 0.0029448653 
6 0.0117534445 0.0117534445 0.0117534445 
7. 0.0465993476 0.0465993476 0.0465993475 
20 1.121356187 1.121356207 1.121356084 
30 0.9471633048 0.9471899467 0.9470331284 
40 0.5648166575 0.5352103994 O27 113 151952 








Note that for the 40th iteration the values are approximately 0.03 different 

between columns 2 and 3, and 0.15 different between columns 2 and 4. 

1. Use a calculator to find the first 40 iterations for p = 0.025 for 4p — 3p* and 
pe sple—7p): 

2. Use a calculator to find the first 40 iterations for p = 0.5 for 4p — 3p* and 
pt spl p). 

3. Expressions of the form p + rp(1 — p) [which is the form of p + 3p(1 — p) with 
r = 3] are called Verhulst population models. Make up your own expression of 
this form, choosing some other value of r and a value of p. 


4. Write a short paragraph on Verhulst population models. 


Geometric Construction of Completing the Square 


Completing the square as a method of solving a quadratic equation has been 
known for centuries. The Persian mathematician Al-Khwarismi used this method 
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in a textbook written around 825 A.D. The method was very geometric. That is, 
Al-Khwarismi literally completed a square. To understand how this Monies! 
works, consider the following geometric shapes: a square whose area is x7, a Tec- 
tangle whose area is x, and another square whose area is 1. 


Now consider the expression x* + 6x. From our discussion in this chapter, to com- 
2 
plete the square, we added : ; 6| = 3? = 9 to the expression. Here is the geomet- 


ric construction that Al-Khwarismi used. 


eee 
3 (6x) = 3% 





9 squares were 
added 


Note that it is necessary to add 9 squares to the figure to “complete the square.” 
One of the difficulties of using a geometric method such as this is that it cannot 
easily be extended to x* — 6x. There is no way to draw an area of —6x! That really 
did not bother Al-Khwarismi much. Negative numbers were not a significant part 
of mathematics until well into the 13th century. 


1. Show how Al-Khwarismi would have completed the square for x” + 4x. 
2. Show how Al-Khwarismi would have completed the square for x* + 10x. 


3. Do the geometric constructions for Exercises 1 and 2 correspond to the alge- 
braic method shown in this chapter? 


Chapter Summary 





Key Words 
A quadratic equation is an equation that can be written in the The equation 4x? — 3x +6=0 is a qua- 
form ax? + bx +c =0, a#0. A quadratic equation is also dratic equation. In this equation, a = 4, 


(Objective 11.1.1) b = -3, and c = 6. 


A quadratic equation is in standard form when the polynomial 
is in descending order and equal to zero. (Objective 11.1.1) 


Adding to a binomial the constant term that makes it a perfect- 
square trinomial is called completing the square. 
(Objective 11.2.1) 


The graph of an equation of the form y = ax? + bx +c isa 
parabola. The vertex is the lowest point on a parabola that opens 
up or the highest point on a parabola that opens down. 
(Objective 11.4.1) 


Essential Rules and Procedures 


Solving a Quadratic Equation by Factoring 

Write the equation in standard form, factor the left side of the 
equation, apply the Principle of Zero Products, and solve for 
the variable. (Objective 11.1.1) 


Principle of Taking the Square Root of Each Side of an Equation 
li — a then x= = V/A. 


This principle is used to solve quadratic equations by taking 
square roots. (Objective 11.1.2) 


Solving a Quadratic Equation by Completing the Square 
When the quadratic equation is in the form x* + bx = c, add to 
each side of the equation the term that completes the square on 
x’ + bx. Factor the perfect-square trinomial, and write it as the 
square of a binomial. Take the square root of each side of the 
equation and solve for x. (Objective 11.2.1) 


The Quadratic Formula 
The solutions of ax? + bx + c=0,a #0, are 
—b + Vb? — 4ac 
x = ——_.. 
2a 
(Objective 11.3.1) 
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The quadratic equation 5x* + 3x — 1 = Ois 
in standard form. 


Adding to x* — 6x the constant term 9 
results in a perfect-square trinomial: 


x* — 6x + 9 = (x — 3)(x — 3) = (x — 3) 
y y 


Vertex 


Vertex 


Parabola that opens up Parabola that opens down 


x + 2x = 15 
x7 +2x-15=0 
(x = 3)\@ +5) =0 


x-3=0 
x=3 


x+5=0 
x=-5 


3x? — 48 =0 

oy = 48 

716 
Vx? = V16 
x=+V16 


x= 24 


X64 = 5 
x7 +6x+9=54+9 
(x + 3)? = 14 
Vix + 3% = V14 
x+3=+V14 
x=-3+V14 


3x7 =x +5 
3x7 -x-5=0 
—b + Vb? — 4ac 
Ree poe 
2a 
—(-1)  V(-1)2 — 4(6)(—5) 
2(3) 
Dey tears60 onl 6) 
6 6 





538 Chapter 11 / Quadratic Equations 


Graphing a Quadratic Equation in Two Variables 

Find several solutions of the equation. Graph the ordered-pair 
solutions on a rectangular coordinate system. Draw a parabola 
through the points. (Objective 11.4.1) 





1. Solve: b? — 16=0 a 


3. Solve: x? — 3x —-5=0 4. 


5. Graph: y = -5x0 6. 


7. Solve: x? = 10x — 2 8. 


9. Solve: 4y7 +9 =0 10. 


11. Solve: x? — 4x +1=0 123 


13. Solve: 6x? + 13x — 28 = 0 14. 





LU hapter Review Exercises 


Solve: x7 -x-3=0 


Solve: 49x? = 25 


Graph: y = —3x? 


Solve: 6x(x + 1) =x-1 


Solve: 5x? + 20x + 12 =0 


Solve: x? — x = 30 


Solve: x* = 40 


5: 


17. 


19. 


21. 


2s 


25. 


27. 


29. 


31. 


33. 


Bolve; 3x: — 4y.= 1 
Solve; x* = 12x + 27 =0 
Graph: y = 2x* + 1 

Solve: (y + 4)? — 25 =0 
Solve: 24x? + 34x +5 =0 
Solve: x? — 5 = 8x 


il 2 
Solve: E = 4 = 


H> | \O 


Solve: x? + 7x = 3 


Solve: 4(x — 3)? = 20 


Graph: y = x? — 3x 


16. 


18. 


20. 


22: 


24. 


26. 


28. 


30. 


32. 


34, 
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Solve: x* — 2x -— 10 =0 


Solve: (x — 7)? = 81 


Graph: y = 5x? al 


Solve: 4x7 + 16x = 7 


Solve: x* = 4x — 8 


Solve: 25(2x? — 2x + 1) = (x + 3) 


Solve: 16x? = 30x — 9 


Solve: 12x? + 10 = 29x 


Solve: x? + 8x —-3=0 


Graph: y = x? — 4x + 3 
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35. Solve: (x + 9% =x+11 36. Solve: (x — 2)? — 24=0 
37, ‘Solve: x4 6x +12 = 0 38. Solve: x? + 6x —-2=0 
39. Solve: 18x? — 52x = 6 40. Solve: 2x? + 5x =1 

41. Graph: y = —-x? + 4x —5 42. Solve: x* + 3 = 9x 

43. Solve: 2x* + 5 = 7x 44, Graph: y = 4 — x? 


45. It took an air balloon 1 h more to fly 60 mi against the wind than it took to 
fly 60 mi with the wind. The rate of the wind was 5 mph. Find the rate of the 
air balloon in calm air. 


46. The height of a triangle is 2 m more than twice the length of the base. The 
area of the triangle is 20 m’. Find the height of the triangle and the length of 
the base. 


47. The sum of the squares of two consecutive positive odd integers is thirty- 
four. Find the two integers. 


48. In5h,two campers rowed 12 mi down a stream and then rowed back to their 
campsite. The rate of the stream’s current was 1 mph. Find the rate of the 
boat in still water. 


49. An object is thrown into the air with an initial velocity of 32 ft/s. At what 
times will the object be 12 ft above the ground? Use the equation 
h = 32t — 16’, where h is the height, in feet, above the ground after t sec- 
onds. 


50. A smaller drain takes 8 h longer to empty a tank than does a larger drain. 
Working together, the drains can empty the tank in 3 h. How long would it 
take each drain, working alone, to empty the tank? 


11. 


13. 


15: 


17. 


Solve: 


Solve: 


Solve: 


Solve: 


Solve: 


Solve: 


Solve: 


Solve: 


Solve: 





hapter Test 
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80 4) = 60 =0 


3x? + 7x = 20 


x7 + 4x -16=0 


x7 +4x+2=0 


2x* — 5x —-3=0 


3x7 = x = 1 
x7 -— 6x —-5=0 
x = 5x = 2 


x7 + 3x —-7=0 


10. 


12: 


14. 


16. 


18. 


Solve: 2x? + 8x = 3 


Solve: x7 — 3x = 6 


Graph: y = x? + 2x — 4 


Solve: x? + 3x = 8 


Solve: 2x? — 6x + 1=0 


Solve: 2(x — 5)? = 36 


Solve: x7 — 5x =1 


Solve: 6x? — 17x = —5 


Solve: 2x* — 4% — 5 =0 
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23; 


24. 
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Solve! 2x7 13x 12=10 20. Graph: y =x? — 2x -—3 


Solve: 3x? — 2x =3 


The length of a rectangle is 2 ft less than twice the width. The area of the rec- 
tangle is 40 ft’. Find the length and width of the rectangle. 


It took a motorboat 1 h more to travel 60 mi against the current than it took 
to go 60 mi with the current. The rate of the current was 1 mph. Find the rate 
of the boat in calm water. 


The sum of the squares of three consecutive odd integers is 83. Find the 
middle odd integer. 


A jogger ran 7 mi at a constant rate and then reduced the rate by 3 mph. An 
additional 8 mi was run at the reduced rate. The total time spent jogging the 
15 mi was 3 h. Find the rate for the last 8 mi. 





1 umulative Review Exercises 


Simplify: 2x — 3[2x — 4(3 — 2x) + 2] -3 2. Solve: -3x = -7 


Solve:2x — 34x — 5) ="—3x = 6 4. Solwei2x — 3(2— 3x) 20 5 


it 


13; 


15. 


17. 


19: 


Find the x- and y-intercepts of the line 
AO w UD, 


Find the domain and range of the relation 
G27 3) asaya), (0, 0), , 1), 2, 8)}. Is the 
relation a function? 


Graph: y = zx ae 


Solve by substitution: 3x — y =5 
eons 


Simplify: 2 


Factor: 4y(x — 4) — 3(x — 4) 





= 3x2 — 6x . 2x*> +x -— 6 
Divide: 6 6x? = Dax 
VE 12 
tye 
Simplify: eS 


10. 


12; 


14. 


16. 


18. 


20. 
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Find the equation of the line that contains the 
point whose coordinates are (—3, 2) and has 


4 
slope — 3. 


Evaluate f(x) = —3x +10 atx = —9: 


Graph the solution set of 2x — 3y > 6. 


Solve by the addition method: 3x + 2y = 2 


5x 2y aan: 
Divider? 8) H'@ = 2) 
Bactora6x 2% 216% 
Subtract: Tae i aes 
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21. Multiply: (Va — V2)(Va + V2) 22. Solver3 = 8 = V5x 
23. Solve: 2x* — 7x = —3 24. Solve: 3(x — 2)? = 36 
25. Solve:3x? — 4x -5=0 26. Graph: y = x* — 3x — 2 


27. Inacertain state, the sales tax is 77%. The sales tax on a chemistry textbook 


is $2.61. Find the cost of the textbook before the tax is added. 


28. Find the cost per pound of a mixture made from 20 lb of cashews that cost 
$3.50 per pound and 50 lb of peanuts that cost $1.75 per pound. 


29. A stock investment of 100 shares paid a dividend of $215. At this rate, how 
many additional shares are required to earn a dividend of $752.50? 


30. A720-mile trip from one city to another takes 3 h when a plane is flying with 
the wind. The return trip, against the wind, takes 4.5 h. Find the rate of the 
plane in calm air and the rate of the wind. 


31. A student received a 70, a 91, an 85, and a 77 on four tests in a math class. 
What scores on the fifth test will enable the student to receive a minimum of 
400 points? 


32. A guy wire is attached to a point 30 m above the ground on a telephone pole 
that is perpendicular to the ground. The wire is anchored to the ground at a 
point 10 m from the base of the pole. Find the length of the guy wire. Round 
to the nearest hundredth. 


33. The sum of the squares of three consecutive odd integers is 155. Find the 
middle odd integer. 
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FINAL EXAM 


11. 


1: 


15: 


Evaluate: —|—3| 


resell 
Write g aS a percent. 


; ; A ils 
simplify: —7 — ea (—4) 





Simplity6x'— (—4y) — (—3x) +: 2y 


Simplify: —2[5 — 3(2x — 7) — 2x] 


Solve:4 — 2(6% + 1) =3@2—.%x)+4+5 


Solve: 4 -x=7 


Find the slope of the line that contains the points 
whose coordinates are (—1, —3) and (2, —1). 


10. 


12; 


14. 


subtract —15 — (—12) —3 


pimplity: 2 (=2)" 





a” — 3b 


SO when a = 3 and b = —2. 


Evaluate 


Multiply: (— 150) . 4 


Solve: 20 = Ex 


Find 19% of 80. 
Solve: 2 27 = 1) = 2y = 6 


Find the equation of the line that contains the 
point whose coordinates are (3, —4) and has 


2 
slope — 3. 
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17. Graph the line with slope os and y-intercept 18. Graphs f(x) = ox — 4 
(O72); 


19. Find the range of the function given by 20. Graph the solution set of 3x — 2y = 6. 
the equation f(x) = —x +5 if the domain is 
(6453, 07:36}: 


21. Solve by substitution: y = 4x — 7 22. Solve by the addition method: 4x — 3y = 11 
ea aD DX a mee 
23. Subtract: (2x? — 5x + 1) — (5x7 — 2x — 7) 24. Simplify: (—3xy°*)* 
Doe Wviiltiplyedox 1 —-92)(2 4 3) 26. Simplify: sais 
a(S 4x ty'?? 
27. Simplify: (4x-7y)(2xy?)? 28. Divide: ay a 
29. Divide: (5x? — 2x — 1) + (x + 2) 30. Write 0.000000039 in scientific notation. 
31. Factor: 2a(4 — x) — 6(x — 4) 32. Factor: x? — 5x — 6 


33. Factor: 2x? — x — 3 34. Factor: 6x? — 5x — 6 


SS: 


37. 


39. 


41. 


43. 


45. 


47. 


49. 


51. 
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actor Oy a 9287-r ny 36." Factor? 25x* = 16 
Factor: 75y — 12xy 38. Solve: 2x* = 7x — 3 
Pe oa Ot La Ay ee 3x 
Multpl yc a5, pea iaal 40. .Subtract: Gam Fiore 
3 

ce. eI Bx 7 

Simplify: a 42. Solve: SEI Ge 3= Tear 
Dae 

Solve a = 3a — 2b for a. 44. Simplify: V49x° 
Add: 2V 27a + 8V 48a 46. Simplify: = 5 
Solve: Vx +4-Vx-1=1 48. Solve: (x — 3) =7 
Golve 40 21 — 1 0 50. Graph: y = x* — 4x + 3 


Translate and simplify “the sum of twice a number and three times the dif- 
ference between the number and two.” 
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B2; 


53. 


54. 


55. 


56. 


Di. 


58. 


Ss 


60. 


61. 


62. 


63. 


64. 


65. 


Chapter 11 / Quadratic Equations 


Because of depreciation, the value of an office machine is now $2400. This is 
80% of its original value. Find the original value of the machine. 


A coin bank contains quarters and dimes. There are three times as many 
dimes as quarters. The total value of the coins in the bank is $11. Find the 
number of dimes in the bank. 


One angle of a triangle is 10° more than the measure of the second angle. The 
third angle is 10° more than the measure of the first angle. Find the measure 
of each angle of the triangle. 


The manufacturer’s cost for a laser printer is $900. The manufacturer sells the 
printer for $1485. Find the markup rate. 


An investment of $3000 is made at an annual simple interest rate of 8%. How 
much additional money must be invested at 11% so that the total interest 
earned is 10% of the total investment? 


A grocer mixes 4 lb of peanuts that cost $2 per pound with 2 lb of walnuts 
that cost $5 per pound. What is the cost per pound of the resulting mixture? 


A pharmacist mixes 20 L of a solution that is 60% acid with 30 L of a solution 
that is 20% acid. What is the percent concentration of acid in the resulting 
mixture? 


A small plane flew at a constant rate for 1 h. The pilot then doubled the 
plane’s speed. An additional 1.5 h was flown at the increased speed. If the 
entire flight was 860 km, how far did the plane travel during the first hour? 


With the current, a motorboat travels 50 mi in 2.5 h. Against the current, it 
takes twice as long to travel 50 mi. Find the rate of the boat in calm water and 
the rate of the current. 


The length of a rectangle is 5 m more than the width. The area of the rec- 
tangle is 50 m’*. Find the dimensions of the rectangle. 


A paint formula requires 2 oz of dye for every 15 oz of base paint. How many 
ounces of dye are required for 120 oz of base paint? 


It takes a chef 1 h to prepare a dinner. The chef’s apprentice can prepare the 
same dinner in 1.5 h. How long would it take the chef and the apprentice, 
working together, to prepare the dinner? 


The hypotenuse of a right triangle measures 14 cm. One leg of the triangle 
measures 8 cm. Find the length of the other leg of the triangle. Round to the 
nearest tenth. 


It took a plane : h more to fly 500 mi against the wind than it took to fly the 


same distance with the wind. The rate of the plane in calm air is 225 mph. 
Find the rate of the wind. 
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“APPENDIX 


Guidelines for Using Graphing Calculators 


Texas Instruments TI-83 


To evaluate an expression 
a. Press the key. A menu showing \Y1 = through \Y7 = will be displayed 


vertically with a blinking cursor to the right of \Y1 =. Press | CLEAR |, if nec- 
essary, to delete an unwanted expression. 


b. Input the expression to be evaluated. For example, to input the expression 
—3a*b — 4c, use the following keystrokes: 


[5] 3 [ALPHA] A [A] 2 LALPHA] B=] 4 Catena] c [ena] Quit 
Note the difference between the key for a negative sign and the key for a 
minus sign [ — ]. 

c. Store the value of each variable that will be used in the expression. For ex- 
ample, to evaluate the expression above when a = 3, b = —2, andc = —4, use 
the following keystrokes: 


3 A 2 B 
4 C 
These steps store the value of each variable. 


d. Press | 2nd |[ VARS |[ |[ 1] [1 ][ ENTER ]. The value for the expression, 
Y1, for the given values is displayed; in this case, Y1 = 70. 








To graph a function 
a. Press the key. A menu showing \Y1 = through \Y7 = will be displayed 


vertically with a blinking cursor to the right of \Y1 =. Press [ CLEAR |, if nec- 
essary, to delete an unwanted expression. 

b. Input the expression for each function that is to be graphed. Press to 
input x. For example, to input y = x° + 2x? — 5x — 6, use the following key- 
strokes: 


Paton] (A]3 C2 ]2 Deter] (A)2 (5 Deten) Jo 
c. Set the domain and range by pressing | WINDOW |. Enter the values for the 
minimum x value (Xmin), the maximum x value (Xmax), the distance between 
tick marks on the x-axis (Xscl), the minimum y value (Ymin), the maximum 
y value (Ymax), and the distance between tick marks on the y-axis (Yscl). Now 


press [ GRAPH |. For the graph shown at the left, Xmin = —10, Xmax = 10, 
Xscl = 1, Ymin = —10, Ymax = 10, and Yscl = 1. This is called the standard 


viewing rectangle. Pressing [ & | is a quick way to set the calculator to 
the standard viewing rectangle. Note: This will also immediately graph the 


function in that window. 
d. Press the key. The equals sign has a black rectangle around it. This indi- 
cates that the function is active and will be graphed when the key is 
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e. 


pressed. A function is deactivated by using the arrow keys. Move the cursor 


over the equals sign and press | ENTER |. When the cursor is moved to the right, 
the black rectangle will not be present, and that equation will not be active. 


Graphing some radical equations requires special care. To graph the function 
y = V 2x + 3, enter the following keystrokes: 


C=] Cena) VO)? Caton] 13 


The graph is shown below. 


10 


To display the x-coordinates of rectangular coordinates as integers 


a. 


b. 


Set the viewing window as follows: Xmin = —47, Xmax = 47, Xscl = 10, 
Ymin = —31, Ymax = 31, Yscl= 10: 


Graph the function and use the TRACE feature. Press and then move 
the cursor with the [ < ] and | 5 | keys. The values of x and y = f(x) displayed 
on the bottom of the screen are the coordinates of a point on the graph. 


To display the x-coordinates of rectangular coordinates in tenths 


a. 
b. 


Set the viewing window as follows: | ZOOM 
Graph the function and use the | TRACE | feature. Press | TRACE | and then 


move the cursor with the | < | and [> | keys. The values of x and y = f(x) dis- 
played on the bottom of the screen are the coordinates of a point on the graph. 


To evaluate a function for a given value of x, or to produce ordered pairs of a 
function 


a. 
b. 


Cc. 


Input the equation; for example, input Y1 = 2x° — 3x + 2. 


Press QUIT. 


Input a value for x; for example, to input 3, press 3 
| ENTER |. 


. Press [o> | [ENTER ]. The value for the expression, Y1, for 


the given x value is displayed, in this case, Y1 = 47. An ordered pair of the func- 
tion is (3, 47). 


Repeat steps c. and d. to produce as many pairs as desired. The TABLE feature 
of the TI-83 can also be used to determine pairs. 


Zoom Features 


To zoom in or out on a graph 


a. 


Here are two methods of using ZOOM. The first method uses the built-in fea- 
tures of the calculator. Move the cursor to a point on the graph that is of inter- 
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est. Press | Z00M |. The ZOOM menu will appear. Press ENTER | to zoom 


in on the graph by the amount shown under the SET FACTORS menu. The cen- 
ter of the new graph is the location at which you placed the cursor. Press 


zoom | [ 3] [| ENTER | to zoom out on the graph by the amount under the 
SET FACTORS menu. (The SET FACTORS menu is accessed by pressing 


[zoon |[s ][4}) 





. The second method uses the ZBOX option under the ZOOM menu. To use this 


method, press [ 1 ]. A cursor will appear on the graph. Use the arrow 


keys to move the cursor to a portion of the graph that is of interest. Press 
ENTER |. Now use the arrow keys to draw a box around the portion of the 


graph you wish to see. Press [ ENTER |. The portion of the graph defined by the 
box will be drawn. 


Pressing | Z00m | | & | resets the window to the standard 10 X 10 viewing 
window. 


Solving Equations 


This discussion is based on the fact that the solution of an equation can be related 
to the x-intercepts of a graph. For instance, the real solutions of the equation 
x* =x + 1 are the x-intercepts of the graph of f(x) = x? — x — 1, which are the 
zeros of f. 


To solve x* = x + 1, rewrite the equation with all terms on one side. The equation 
is now x? — x — 1 = 0. Think of this equation as Y1 = x’ — x — 1. The x-intercepts 
of the graph of Y1 are the solutions of the equation x* = x + 1. 


a. 


Enter x7 — x — 1 into Y1. 


. Graph the equation. You may need to adjust the viewing window so that the 


x-intercepts are visible. 


Press CALC [ 2 |. 


. Move the cursor to a point on the curve that is to the left of an x-intercept. Press 


LENTER . 


Move the cursor to a point on the curve that is to the right of an x-intercept. 


Press [ENTER |. 


f. Press [ ENTER |. 


The root is shown as the x-coordinate on the bottom of the screen; in this case, 
the root is approximately —0.618034. To find the next intercept, repeat steps c. 
through f. The SOLVER feature under the MATH menu can also be used to 
find solutions of equations. 


Solving Systems of Equations in Two Variables 


To solve a system of equations 


The system of equations 


a. 


et hore 
aa : will be solved. 
at tyl 


Solve each equation for y. 
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Intersection 
X=-1.686141 


Srl 





ga mm © 


mie 
° 


. Enter the first equation as Y1. For instance, Y1 = x’ — 1. 


1 
Enter the second equation as Y2. For instance, Y2 = 1 — 5 x. 


. Graph both equations. (Note: The point(s) of intersection must appear on the 


screen. It may be necessary to adjust the viewing window so that the point(s) 
of intersection are displayed.) 


Press CALG) es": 


Move the cursor to the left of the first point of intersection. Press | ENTER }. 


. Move the cursor to the right of the first point of intersection. Press | ENTER ]. 


. Press [ ENTER ]. 


The first point of intersection is (—1.686141, 1.8430703). 
Repeat steps e. through h. for each point of intersection. 


Finding the Minimum or Maximum Value of a Function 


a. 


Enter the function into Y1. The equation y = x° — x — 1 is used here. 


b. Graph the equation. You may need to adjust the viewing window so that the 


maximum or minimum point is visible. 
Press CAG to determine a minimum value or press | end 
CALE to determine a maximum value. 


. Move the cursor to a point on the curve that is to the left of the minimum 


(maximum). Press | ENTER |. 


Move the cursor to a point on the curve that is to the right of the minimum 


(maximum). Press [| ENTER ]. 
Press [ ENTER |. 


. The minimum (maximum) is shown as the y-coordinate on the bottom of the 


screen; in this case, the minimum value is —1.25. 


Sharp EL-9600 


To evaluate an expression 


a. 


The SOLVER mode of the calculator is used to evaluate expressions. To enter 


SOLVER mode, press SOLVER [ CL ]. The expression —3a7b — 4c 
must be entered as the equation —3a*b — 4c = t. The letter ¢ can be any letter 
other than one used in the expression. Use the following keystrokes to input 
—3a°b — 4c = t: 

[=> ]3 LatpHa | ALa?}2[ > | LAcpHA | B[—]4 [ALPHA |C [ALPHA | 
= 1 


Note the difference between the key for a negative sign [| and the key for 
a minus sign [| — |. 


. After you press [ ENTER |, variables used in the equation will be displayed on 


the screen. To evaluate the expression for a = 3, b = —2, and c = —4, input 
each value, pressing | ENTER | after each number. When the cursor moves to T, 


-10 


-10 


10 


10 


Cc. 
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press EXE. T = 70 will appear on the screen. This is the value of the 
expression. To evaluate the expression again for different values of a, b, and c, 


press QUIT and then SOLVER. 


+ 
Press CI to return to normal operation. 
E) 


To graph a function 


a. 
b. 


Press the key. The screen will show Y1 through Ys. 
Input the expression for a function that is to be graphed. Press to 


enter an x. For example, to input y = xx — 3, use the following keystrokes: 


1L=]2 x/o/t/n |= ]3 LENTER 

Set the viewing window by pressing | WINDOW |. Enter the values for the mini- 
mum x value (Xmin), the maximum x value (Xmax), the distance between tick 
marks on the x-axis (Xscl), the minimum y value (Ymin), the maximum y value 
(Ymax), and the distance between tick marks on the y-axis (Yscl). Press 


ENTER | after each entry. Press | GRAPH |. For the graph shown at the left, 


enter Xmin = —10, Xmax = 10, Xscl=1, Ymin = —-10, Ymax = 10, and 


N\Gcla—siles ress [ GRAPH ]. 


. Press to return to the equation. The equals sign has a black rectangle 


around it. This indicates that the function is active and will be graphed when 
the | GRAPH | key is pressed. A function is deactivated by using the arrow keys. 


Move the cursor over the equals sign and press | ENTER |. When the cursor is 
moved to the right, the black rectangle will not be present, and that equation 
will not be active. 

Graphing some radical equations requires special care. To graph the function 
y = V2x + 3, enter the following keystrokes: 


[y= ]Leu]LenaF JV 2[x/e/t/ | L+]3 Le | Lerare | 


The graph is shown at the left. 


To display the xy-coordinates as integers 


a. 
b. 


Press [ Zoom |[ & | 8. 

Graph the function. Press | TRACE |. Use the left arrow and right arrow keys to 
trace along the graph of the function. The x- and y-coordinates of the function 
are shown on the bottom of the screen. 


To display the xy-coordinates in tenths 


a. 


b. 


Press [oc | Te 

Graph the function. Press [ TRACE |. Use the left arrow and right arrow keys to 
trace along the graph of the function. The x- and y-coordinates of the function 
are shown on the bottom of the screen. 


To evaluate a function for a given value of x, or to produce ordered pairs of 
the function 


a. 


Press [ Y= |. Input the expression. For instance, input 


[v=] [ec ]2[ xt |[A]3 [£13 [xve/ti | [5 J 2. Press CENTER ]. 
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b. 


Cc. 


Press 5 _ Store the x-coordinate of the ordered pair you want in | X/e/T/n |. 


For instance, enter 3 | STO X/0/T/n ENTER |. 
Press 1 [ ENTER |. The value of y, 47, will be displayed on 


the screen. The ordered pair is (3, 47). The TABLE feature of the calculator can 
also be used to find many ordered pairs for a function. 





Zoom Features 


To zoom in or out on a graph 


a. 


Here are two methods of using ZOOM. The first method uses the built-in fea- 
tures of the calculator. Move the cursor to a point on the graph that is of in- 
terest. Press [ Z00M |. The ZOOM menu will appear. Press 3 to zoom in on 
the graph by the amount shown by FACTOR. The center of the new graph 
is the location at which you placed the cursor. Press 4 to zoom out 
on the graph by the amount shown in FACTOR. 


. The second method uses the BOX option under the ZOOM menu. To use this 


method, press | Z00M | 2. A cursor will appear on the screen. Use the arrow 
keys to move the cursor to a portion of the graph that is of interest. Press 


ENTER }. Use the arrow keys to draw a box around the portion of the graph 
you wish to see. Press | ENTER ]. 


Solving Equations 


This discussion is based on the fact that the real solutions of an equation can be 
related to the x-intercepts of a graph. For instance, the real solutions of x? = x + 1 
are the x-intercepts of the graph of f(x) = x* — x — 1, which are the zeros of f. 


To solve x? = x + 1, rewrite the equation with all terms on one side of the 
equation. The equation is now x*—x-—1=0. Think of this equation as 
Y1 = x* — x — 1. The x-intercepts of the graph of Y1 are the solutions of the equa- 
tion x? =x + 1. 


a. 
b. 


Enter x* — x — 1 into Y1. 


Graph the equation. You may need to adjust the viewing window so that the 
x-intercepts are visible. 


Press CALIGS! 


. A solution is shown as the x-coordinate at the bottom of the screen. To find 


another intercept, move the cursor to the right of the next x-intercept. Then 


press GALS: 


Solving Systems of Equations in Two Variables 


To solve a system of equations 


a. 


b. 


Solve each equation for y. 
Press and then enter both equations. 
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c. Graph the equations. You may need to adjust the viewing window so that the 
point of intersection is visible. 


d. Press CALC 2 to find the point of intersection. Press CAIG2 


again to find another point of intersection. 


e. The x- and y-coordinates at the bottom of the screen are the coordinates for the 
point of intersection. 


Finding Maximum and Minimum Values of a Function 
a. Press and then enter the function. 


b. Graph the equation. You may need to adjust the viewing window so that the 
maximum (minimum) is visible. 


c. Press CALC 3 for the minimum value of the function or 


CALC 4 for the maximum value of the function. 


d. The y-coordinate at the bottom of the screen is the maximum (minimum). 


Casio CFX-9850G 


To evaluate an expression 


a. Press [ 5 |. Use the arrow keys to highlight Y1. 


b. Input the expression to be evaluated. For example, to input the expression 
—3A’B — AC, use the following keystrokes: 


(~) ]3[ ALPHA | A[ x? | [ ALPHA ]B[—]4[ ALPHA |C[ EXE | 


Note the difference between the key for a negative sign | (—) | and the key for a 


minus sign | — |. 


c. Press 1. Store the value of each variable that will be used in the expres- 


sion. For example, to evaluate the expression above when A = 3, B = —2, and 
C = —4, use the following keystrokes: 


3—[ ALPHA ]A[ Exe |[ (-) ]2—[ acpHa |]B[ Exe |[ <->) ]4—[ ALPHA |C[ EXE | 


These steps store the value of each variable. 


d. Press | vars ][F4][ Fu] 1 [EXE |. 


The value of the expression, Y1, for the given values is displayed; in this case, 
yl eeees 7 (0) 

















To graph a function 

a. Press Menu to obtain the GRAPH FUNCTION Menu. 

b. Input the function that you want to graph. Press to input the variable 
x. For example, to input Y1 = x° + 2x* — 5x — 6, use the following keystrokes: 


Peer] CA] 3 Ce) 2 Deer) G2] 15 eer] (1 6 Pexe 
c. Set the viewing window by pressing | SHIFT and the Range Parame- 
ter Menu will appear. Enter the values for the minimum x value (Xmin), maxi- 
mum x value (Xmax), the units between tick marks on the x-axis (Xscl), 
minimum y value (Ymin), maximum y value (Ymax), and the units between 


tick marks on the y-axis (Yscl). Press after each of these six entries. 


556 


Appendix: Guidelines for Using Graphing Calculators 


Press [ EXIT |, or [ @UIT |, to leave the Range Parameter Menu. 


. Press to draw the graph. For the graph shown at the left, Xmin = —10, 


Xmax = 10, Xscl = 1, Ymin = —10, Ymax = 10, and Yscl = 1. 
In the equation for Y1, there is a rectangle around the equals sign. This indicates 
that this function is active and will be graphed when the key is 


pressed. A function is deactivated by using the key. After this key is used 
once, the rectangle around the equals sign will not be present, and that func- 
tion will not be graphed. 


To display the x-coordinates of rectangular coordinates as integers 


a. 


b. 


Set the Range as follows: Xmin = —63, Xmax = 63, Xscl = 10, Ymin = —32, 
Ymax = 32, and Yscl = 10. 

Graph a function and use the Trace feature. Press and then move the cur- 
sor with the | < | and the | 5 | keys. The values of x and y = f(x) displayed on 
the bottom of the screen are the coordinates of a point on the graph. Observe 
that the x value is given as an integer. 


To display the x-coordinates of rectangular coordinates in tenths 


a. 


Set the Range as follows: Xmin = —6.3 and Xmax = 6.3. A quick way to 
choose these range parameter settings is to press from the V-Window 
Menu. 


. Graph a function and use the Trace feature. Press and then move the cur- 


sor with the | < | and the [ & | keys. The values of x and y = f(x) displayed on 
the bottom of the screen are the coordinates of a point on the graph. Observe 
that the x value is given in tenths. 


To evaluate a function for a given value of x, or to produce ordered pairs of 
the function 


a. 


b 
€. 
d 


Press Ce) 


. Input the function to be evaluated. For example, input 2x° — 3x + 2 into Y1. 


Press i: 


. Input a value for x; for example, to input 3, press 


3 — [xem] [exe | 
Press | VARS Fy Pelee |e eX Eek 


The value of Y1 for the given value x = 3 is displayed. In this case, Y1 = 47. 





Zoom Features 


To zoom in or out on a graph 


a. 


After drawing a graph, press Zoom to display the Zoom/Auto 
Range menu. To zoom in on a graph by a factor of 2 on the x-axis and a factor 
of 1.5 on the y-axis: 


Press to display the Factor Input Screen. Input the zoom factors for each 


AXIS 2 ie [cue [ EXIT |. Press to redraw the graph 


according to the factors specified above. To specify the center point of the 





Intersection 
X=-1.686141 
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enlarged (reduced) display after pressing [ SHIFT | Zoom, use the arrow keys 
to move the pointer to the position you wish to become the center of the next 


display. You can repeat the zoom procedures as needed. If you wish to see the 


original graph, press [ Fi |. This procedure resets the range parameters 


to their original values and redraws the graph. 


b. Asecond method of zooming makes use of the Box Zoom Function. To use this 
method, first draw a graph. Then press Zoom | F1 ]. Now use the 
arrow (cursor) keys to move the pointer. Once the pointer is located at a por- 
tion of the graph that is of interest, press [ EXE |. Now use the arrow keys to 
draw a box around the portion of the graph you wish to see. Press | EXE ]. The 
portion of the graph defined by the box will be drawn. 


Solving Equations 


This discussion is based on the fact that the real solutions of an equation can 
be related to the x-intercepts of a graph. For instance, the real solutions of 
x? =x + 1 are the x-intercepts of the graph of f(x) = x? — x — 1, which are the 
zeros of f. 


To solve x* = x + 1, rewrite the equation with all terms on one side. The equation 
is now % —x—1—= 0 Think of this equation as Yi=x?— ~=91) the 
x-intercepts of the graph of Y1 are the solutions of the equation x7 = x + 1. 
aenter op el into. V1. 


b. Graph the equation. You may need to adjust the viewing window so that the 
x-intercept is visible. 


c. Press| SHIFT | G-SOLV [sea |. 


d. The root is shown as the x-coordinate on the bottom of the screen; in this case, 
the root is approximately —0.618034. To find another x-intercept, press the right 
arrow key. 

The EQUA Mode (Press | MENU ALPHA | A) can also be used to find solutions 

of linear, quadratic, and cubic equations. 

















Solving Systems of Two Equations in Two Variables 


The following discussion is based on the concept that the solutions of a system 
of two equations are represented by the point(s) of intersection of the graphs. 


Ye x 1 


The system of equations will be solved. 


1 — 

a Teta 

a. Solve each equation for y. 

b. Enter the first equation in the Graph Menu as Y1. For instance, let Y1 = x* — 1. 


1 
c. Enter the second equation as Y2. For instance, let Y2 = 1 — 5 


d. Graph both equations. (Note: The point of intersection must appear on the 
screen. It may be necessary to adjust the viewing window so that the point of 
intersection that is of interest is the only intersection point that is displayed.) 
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e. Press G-soL [FS] [Exe] 
f. The display will show that the graphs intersect at (—1.686141, 1.8430703). To 
find another point of intersection, repeat step e. 


Finding the Minimum or Maximum Value of a Function 

a. Enter the function into the graphing menu. For this example we have used 
Vee a aL 

b. Graph the function. Adjust the viewing window so that the maximum or mini- 
mum is visible. 


c. Press G-SOL for a maximum and fora 


minimum. 


d. The local maximum (minimum) is shown as the y-coordinate on the bottom of 
the screen; in this case, the minimum value is —1.25. 





- SOLUTIONS to Chapter 1 Problems 


SECTION 1.1 Solution —5 + (—6) +3 +0 + (4) + (—7) + (-2) 
ce =-114+3+0+ (—4) + (-7)-+(-2) 
Problem1 A = {1,2,3, 4} ASEe (ee S47) (2) 
= —8 + (—4) + (-7) + (-2) 
= —12 + (—7) + (—2) 


I 


Problem2 —-5 <-1 
-1=-1 


5>-1 ie - thee) 
The element 5 is greater than —1. 2 
=21+7==3 


Probl ; Sea 
oblem3 A. 9 B 62 The average daily high temperature was 


Problem4 A. |—5|=5 Bs <|-9| = -9 —3°C. 
SECTION 1.3 


SECTION 1.2 
Problem 1 0.16 Problem 2 0.444 








Probl 1 —— =— 
roblem1 A. —162 + 98 = —64 25)4.00 SYaONG 
B. —154 + (-37) = -191 =25 —36 
150 40 
C. -—36 + 17 + (—21) = -19 + (—21 
( ) ( ) —150 —36 
Taine! 0 40 
4 —36 
Problem 2 —-—8 — 14=-8 + (-14) sar lO pend 
= —22 4 = 
ns 0.4 
Problem 3 4-— (-—3) — 12 — (—7) -— 20 1 105 1 
=4+3 + (-—12) +7 + (—20) Problem 3 125% = 125( 45) = ani yy 
eet (12) a7 C20) 125% = 125(0.01) = 1.25 
=-5 +7 + (-20) COUR 
= 2 + (~20) 2 Of od 50/1 1 
19 Problem 4 16; Yo = 163 (%) ee (5) ER 
Problem 4 A. —38 +51 = —1938 Problem 5 6.08% = 6.08(0.01) = 0.0608 
B. —7(—8)(9)(—2) = 56(9)(—2) 
= 504(—2) Problem6 A. 0.043 = 0.043(100%) = 4.3% 
= — 1008 B. 2.57 = 2.57(100%) = 257% 
Problem5 A. (-135) + (-9) =15 Problem 7 3 = 3 (100%) = 7% ~ 55.6% 
—=-14 
a Problem 8 = 00 i= ee 
c 36 eee 16 16 16 4 
; ~12 Problem 9 Prime factorization of 9 and 12: 
9=3:3 12=2.-2-3 
Problem 6 LCM =2:2:3-3=36 
Strategy To find the average daily high tempera- So 28) 33 _ 20, 33 
ture: Oe SO SOOO 36 
=» Add the seven temperature readings. = 20 + (=33)4 13 ls 
» Divide the sum by 7. 36 36 36 


SI 








S2 Chapter 2 











avec oreoo rapes erm saree SECTION 1.4 
Problem 10 axe Mee 
Se eee Problem 1 (—5)? = (—5)(—5)(—5) = 25(—5) = —125 
I 53 = -(5-5-5) = —(25-5) = 125 
_ 21+ (=20)+12_ -29_ 29 
2A 24 24 
Problem 2 (—3)? = (—3)(—3)(—3) = 9(-3) = —27 
Problem 11 3.097 
er 49 (=3)* = (=3)(3)(S3)(—=3) 
ss Problem 3 (3°)(—2) = (3)(3)(3) - (—2)(—2)(—2) 
Problem 12 67.910 soy eae ee aaa 
~16.127 (-2) . (-2)(-2) eh eS 
eee 5 5 5 5: 25 
51.783 
Problem 4 36 + (8 — 5)? — (—3)? -2 
16.127 — 67.91 = —51.783 =136 EGY 2 a2 
7 9 7-9 ate pe a gee. 
eae Rte pe || E2e ete), 
Espplemy le 5 a) 1 a ke 27 Ese 
1 1 
ee =-14 
8 
Problem 5 27 + 3? + (-—3)-4 
oar 5 \ 3:12 
Problem 14 -3+(-3)=3 5 rn =27+9+9-4 
Siem eee eo 
FiBis) 2.2805 10 = Sore 
et = 39 
Proplems|> < oe Problem6 4 — 3[4 — 2(6 — 3)] +2 
Bs 788 = 4 — 3/4 — 23). 2 
4352 = 4 — 314 = 6) 22 
1632 = A 3(— a 
20.672 a= 4-6) ae 
= 4 — (-3) 
(—5.44)(3.8) = —20.672 =7 
Problem 16 0.231 
1,7,)0,3.940 
=34 
54 
a1 
30 
a 
13 
=().494e= 17 = 0.23 
SOLUTIONS to Chapter 2 Problems 
SECTION 2.1 Problem 2 2xy+y’ 
Problema =<4 2(—4)(2) + (2)? = 2(—4)(2) + 4 
= —8(2)+ 4 
=-16+4 


=-12 


Problem 3 


Problem 4 


Problem 5 





t+ bh 
a+b 


Problem 6 


(5) + (-3)? _ 25 +9 





5+(-3) 5+ (-3) 


G NIB 


ee yy 

(2) 212 (4) 4 (— 3)" ® 
a) 22) (3) 
= 8 — 2(-2) + 9 
=8+4+9 
=12+9 
= 21 


Problem 7 


1 
V ==nrh 
oo Problem 8 


Va 5m(4.5) 29 5) 


Ve 57(20.25) (9.5) 


SECTION 2.2 


Problem 1 
Problem 2 
Problem 3 


Problem 4 


Problem 5 


S3 


Solutions to Problems 


A. 7(4 + 2y) = 7(4) + 7(2y) 
= 28 + 14y 


Ba (6x 12) = — 167 12) 
=o (Sx) (=1)(12) 
= —5x + 12 


C. (3a — 1)5 = (3a)(5) — (1)(5) 
=15a—5 


D. -—3(6a? — 8a + 9) 
= —3(6a2) — (—3)(8a) + (—3)(9) 
= —18a2 + 24a — 27 


We — 2y) = 3(—x — 2y) 
= 1 Xie Net e toy 
= 10x = 8y 


By — 2[— AQr3y)] 
= OUi= 2X wl etl 
= 3y = 2% los 24y 
—2% = 21y F416 


A. eighteen less than the cube of x 
Koes 





B. y decreased by the sum of z and nine 
Y (29) 


C. the difference between the square of q 
and the sum of r and t 
q(t) 





the unknown number: 1 

the square of the number: n? 

the product of five and the square of the 
number: 5n* 


5n2 +1 
the unknown number: 1 
twice the number: 2n 


the sum of seven and twice the number: 
teeate 


3(7 + 2n) 


V =~ 201.5 SECTION 2.3 
The volume is approximately 201.5 cm’. Problem 1 
7 =F) = 0) 
The Associative Property of Addition 
A. 9x + 6x = (9 + 6)x = 15x 
B. 47> 7y = ([-4 + (-7)ly=— lly Problem 2 
Al ot 20 1250 = Gast 5a — 2D 
= (Ga +54) = 20 
= 60. 20 
BW x2b 7 + 9x? = "14 
=e 942 7s 4 
= (x2 + 9x2) + (—7 — 14) Problem 3 
Ove — 21 
A. =7(—2a) = [-7C2)4 
= 14a 
B. ~2(-30y°) =[-2(-30)|/7 
i7h'6 Y 6 Y Problem 4 


= 25y? 
aie) 
=| —2(—9) x 
= 10x 


Cr (-5x%)(=2) 


the unknown number: n 
the difference between twice the number 
and 17: 2n — 17 


fi — (20 Ah) — nea en 17. 
Se Prem 

















S4 Chapter 3 


Problem 5 the unknown number: n 


3 
three-fourths of the number: a 


one-fifth of the number: sf 


Problem 6 


Problem 7 


the time required by the newer model: t 

the time required by the older model is 
twice the time required for the newer 
model: 2t 


the length of one piece: L 
the length of the second piece: 6 — L 





SECTION 3.1 
Problem 1 5 4 =" 8x 2 


ee 


Sipe eee? 
4=4 





i, ; 
Yes, isa solution. 


Problem 2 10x — x? = 3x — 10 


106) AG) 1836) 10 
202551 ao 10 
20-929 


No, 5 is not a solution. 
1 S 


3 
1 


Problem 3 


R 


+ 


I 
| 
a Bo B12 8 
+ 
WIR 


WIR 
Js 


3 
a6 ae 


+ 
st 
N 


na 
Bl 


Check: 


eR 
| 
| 
10 


| 

fe 

Blo 
| 

Wl }wore 
| 

POO 


| 
#100 

I 

| 
100 


5 ; 5 
The solution is DD: 


Problem 4 —-8=5+x 
—8=—5=5—5+x 
—13 =x 


The solution is —13. 


Problem 6 


Problem 7 


Problem 8 


Problem 9 
Strategy 


2x 
a 
(-)(-42)- (Jo 
1x = —-15 
x=-15 


The solution is —15. 


6x = 10 Check: 6x = 10 
6x _ 10 5 
6 6 6(2) 10 
za 10 = 10 
=. = 


ee 
The solution is 3" 


4x — 8x = 16 
—4x = 16 
LO 
5 M27 

x=-4 


The solution is —4. 


PB=A 
P(60) = 27 
60P = 27 
60P _ 27 
60 60 
P = 0.45 
27 is 45% of 60. 


To find the percent of the questions 
answered correctly, solve the basic percent 
equation using B = 80 and A = 72. The 
percent is unknown. 


Solution 


Problem 10 
Strategy 


Solution 


PB=A 
P(80) = 72 
80P = 72 
80P 72 
80 80 
P=0.9 


90% of the questions were answered 
correctly. 


To determine the tax on the King Size 
Value Meal, solve the basic percent equa- 
tion using B = 5.18 and P = 5% = 0.05. 
The amount is unknown. 


PB=A 
0.05(5.18) = A 
0.26~A 


The tax was $.26. 


SECTION 3.2 


Problem 1 


Problem 2 


Problem 3 


5x +7=10 
Sixt Jee — Ol 7. 

5x =3 

ox 3 

5 OS 

23 

oa 


ao) 
The solution is =. 


5 
1 = 1h 3x 
11 — 11 =11 — 11 + 3x 
= 3x 
Q _ 3x 
3.3 
O=x 


The solution is 0. 


15 -—4x =3 
15 5 eA — Srl 
—4y = —12 
=A. |= 12 
Pies ea 
x=3 


The solution is 3. 


Problem 4 


Problem 5 


Problem 6 


Problem 7 
Strategy 


Solution 


Solutions to Problems S5 


5x +4=6+ 10x 
5x = 10% 44)= 6 = 10x > 10x 


—5x+4=6 
—5x+4—-—4=6-4 
—5x =2 
SSRN 
ph iets 
ree 
es 


2 
The solution is 5 


5x — 43 — 2x) = 2x — 2) + 6 
by 28x — OX 46 
13x —12=6x + 2 
Sse yeaa 


7x —-12=2 
Tse = WP) ae 1D = @ ae 
7x = 14 
7x 14 
We Hear 
x=2 
The solution is 2. 


—2[3x — 5(2x — 3)] = 3x - 8 
—2[3x — 10x + 15] = 3x - 8 
—2[-—7x + 15] = 3x — 8 
14x — 30 = 3x — 8 

14x — 3x — 30 = 3x — 3x — 8 


11x — 30 = -8 

l1ix — 30 + 30 = —8 + 30 
11x = 22 
Mx _ 22 
‘Tie meek 
x=2 


The solution is 2. 





To find the number of years, replace V 
with 10,200 in the given equation and 
solve for t. 


V = 450t + 7500 
10,200 = 450t + 7500 
10,200 — 7500 = 450¢ + 7500 — 7500 


2700 = 450t 

2700 _ 450¢ 

450-450 
6=t 


The value of the investment will be 
$10,200 in 6 years. 
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Problem 8 Problem 4 3x <9 
Strategy The lever is 14 ft long, sod = 14. One * < ; 
force is 6 ft from the fulcrum, so x = 6. Reese 
The one force is 40 Ib, so F, = 40. To find 
the other force when the system balances, ate ae ea 
replace the variables F,, x, and d in the 
lever system equation with the given 3 
values, and solve for F). Problem 5 f= 18 
Solution F,x = F,(d — x) aes 4 
40(6) = F,(14 — 6) 3 (-} x) = ag?) 
240 = F,(8) x= —-24 
240 = 8F, 
240  8F, Problem 6 nA Os 
aN cdl i'n 5 — 4x + 8x > 9 — 8x + 8x 
30 = F, 5 + 47 = 9 
5 = 5 Ae 
A 30-pound force must be applied to the Aye A 
other end. 4x 4 
MRA 
SECTION 3.3 pe 
Problem 1 The solution set is the numbers greater Problem 7 6 = AGr Ss) = 6 8} 
ee, 8 — 12x — 20 < 6x — 48 
—12 =12% = 6x — 48 
eee eae —12 — 12x — 6x = 6x — 6x — 48 
Problem 2 ie? 12 — 184 = — 48 
wrk) = ue en.) —12 + 12 — 18x = —48 + 12 
ed Sy 7536 
—18x = 36 
ESPs Ot 2 eS es 
a2 
Problem 3 5 rot rae 
el ate Oe A Xn 
ato 
Nighi eis = OS 
56 > 2 
SOLUTIONS to Chapter 4 Problems 
SECTION 4.1 
Problem 1 the unknown number: 1 


nine less than 
twice a number 


five times the sum of 
the number and twelve 


2n = 9 = 5(n + 12) 
2n —9=5n + 60 
2n —5n —-9=5n — 5n + 60 


—3n —9=60 
—3n-9+9=60+9 
—3n = 69 
—3n 69 
bea 
n= —23 


The number is —23. 


Problem 2 


Strategy To find the number of carbon atoms, write 
and solve an equation using n to represent 
the number of carbon atoms. 


Solution ae twice the number 
eignt | represents of carbon atoms 


HS N10 
Il 
S y[Pv 


There are 4 carbon atoms in a butane 
molecule. 


Problem 3 


Strategy To find the number of 10-speed bicycles 
made, write and solve an equation using n 
to represent the number of 10-speed bi- 
cycles and 160 — n to represent the number 
of 3-speed bicycles. 


Solution 


30 less than the 


four times the 


number of 3-speed | equals 
bicycles made 


number of 10-speed 
bicycles made 





4(160 — n) =n — 30 
640 — 4n = n — 30 
640 — 4n —-n =n -—n-— 30 


640 — 5n = —30 

640 — 640 — 5n = —30 — 640 
—5n = —670 
—5n _ —670 
Ss 
n = 134 


There are 134 10-speed bicycles made each 
day. 





Solutions to Problems S7 


SECTION 4.2 
Problem 1 


Strategy = First consecutive integer: 1 
Second consecutive integer: n + 1 
Third consecutive integer: n + 2 
« The sum of the three integers is —12. 


Solution n+(n+1)+ (n+ 2) =-12 


3+ 3 = —12 
3n = —15 
n=-—5 


nt+1=-5+1=-4 
n+2=-5+2=-3 


The three consecutive integers are —5, —4, 
and —3. 


Problem 2 


Strategy = Number of dimes: x 
Number of nickels: 5x 
Number of quarters: x + 6 


Pine | 
eter [ssf 


= The sum of the total values of the indi- 
vidual denominations of coins equals the 
total value of all the coins (630 cents). 


Solution 10x + 5(5x) + 25(x + 6) = 630 
10x + 25x + 25x + 150 = 630 
60x + 150 = 630 
60x = 480 
x=8 





5x = 5(8) = 40 
xX 613: - 6 — 14 


The bank contains 8 dimes, 40 nickels, and 
14 quarters. 
SECTION 4.3 
Problem 1 


Strategy = Each equal side: s 
« Use the equation for the perimeter of a 


square. 

Solution P= 4s 
52 = 4s 
13 =s 


The length of each side is 13 ft. 
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Problem 2 
Strategy 


Solution 


Problem 3 
Strategy 


Solution 


Problem 4 
Strategy 


Solution 


Problem 5 
Strategy 


Solution 


To find the supplement, let x represent the 
supplement of a 107° angle. Use the fact 
that supplementary angles are two angles 
whose sum is 180° to write an equation. 
Solve for x. 


107° + x = 180° 
= 7/3" 


The supplement of a 107° degree angle is a 
73° angle. 


The angles labeled are adjacent angles of 
intersecting lines and are therefore supple- 
mentary angles. To find x, write an equa- 
tion and solve for x. 


x + (3x + 20°) = 180° 
4x + 20° = 180° 
4x = 160° 

x = 40° 


2x = y because alternate exterior angles 
have the same measure. 


y + (x + 15°) = 180° because adjacent 
angles of intersecting lines are supplemen- 
tary angles. Substitute 2x for y and solve 
for x. 


yx Pid) = 180° 
2x + (x + 15°) = 180° 
3x + 15° = 180° 
3x = 165° 

5 5y 


« To find the measure of Za, use the fact 
that Za and Zy are vertical angles. 

" To find the measure of 2b, use the fact 
that the sum of the interior angles of a 
triangle is 180°. 

= To find the measure of 2d, use the fact 
that 2b and 2d are supplementary 
angles. 


La = Zy = 55° 


Za + Zb + 90° = 180° 
55° ++ Zb + 90° = 180° 
145° + Zb = 180° 

Lb. ='35° 


Problem 6 
Strategy 


Solution 


Zb + Ld = 180° 
35 79 = 180° 
Zd = 145° 


To find the measure of the third angle, use 
the fact that the sum of the measures of 
the interior angles of a triangle is 180°. 
Write an equation using x to represent the 
measure of the third angle. Solve the equa- 
tion for x. 
x + 90° + 27° = 180° 

x + 117° = 180° 

Ki= 635 


The measure of the third angle is 63°. 


SECTION 4.4 


Problem 1 
Strategy 


Solution 


Problem 2 
Strategy 


Solution 


Problem 3 
Strategy 


Solution 


Given: C = $60 

S = $90 
Unknown markup rate: r 
Use the equation S$ = C + rc. 


S =", 7e 
90 = 60 + 60r 
30 = 60r 
05=r 


The markup rate is 50%. 


Given: r = 40% = 0.40 
S = $133 
Unknown cost: C 
Use the equation S = C + 7C. 


S=(E457C 
133 = C + 0.4C 
133 = 1.40C€ 

y= (C 
The cost is $95. 


Given: R = $29.80 

S = $22.35 
Unknown discount rate: r 
Use the equation S = R — rR. 


S=R-rR ; 
22.35 = 29.80 — 29.80r 
—745 = —29.80r 

025i 


The discount rate is 25%. 


Problem 4 
Strategy Given: S = $43.50 
tommeeo ve ==.0.25 
Unknown regular price: R 
Use the equation S = R — rR. 
Solution SRR 
43.50 = R — 0.25R 
43.50 = 0.75R 
58 = RK 
The regular price is $58. 


SECTION 4.5 
Problem 1 


«» Additional amount: x 


Se Ee 
Tamountar7% | 2500 [| 007 |=| 0070500) 
Tamount oft0%[ x [| oa0|=[ oo 
Famount of9% | 500-25] =| oop [= | wanes +5) 


« The sum of the interest earned by the 
two investments equals the interest earned 
on the total investment. 


0.07(2500) + 0.10x = 0.09(2500 + x) 
175 + 0.10x = 225 + 0.09x 
175 + 0.01x = 225 
0.01x = 50 
x = 5000 


$5000 more must be invested at 10%. 


Strategy 








Solution 


SECTION 4.6 
Problem 1 
Strategy 


= Pounds of $.75 fertilizer: x 












0.90(20) 
0.75x 
0.85(20 + x) 







$.90 fertilizer 
$.75 fertilizer 
$.85 fertilizer 














= The sum of the values before mixing 
equals the value after mixing. 


Solution 0.90(20) + 0.75x = 0.85(20 + x) 
18 + 0.75x = 17 + 0.85x 
18 — 0.10x = 17 
—0.10x = -1 
x = 10 


10 lb of the $.75 fertilizer must be added. 


Problem 2 
Strategy 


Solutions to Problems S9 


« Pure orange juice is 100% orange juice. 
100% = 1.00 
Amount of pure orange juice: x 


Tarount | Pereent | Guan 
[Pore orangepice| x | 100 | 100 | 





Orange drink x+5 0.25(x + 5) 


Solution 


« The sum of the quantities before mixing 
is equal to the quantity after mixing. 


1.00x + 0.10(5) = 0.25(x + 5) 
1.00x + 0.5 = 0.25x + 1.25 
0.75x + 0.5 = 1.25 

0.75x = 0.75 
x=1 


To make the orange drink, 1 qt of pure 
orange juice is added to the fruit drink. 


SECTION 4.7 


Problem 1 
Strategy 


Solution 


Problem 2 
Strategy 


» Rate of the first train: r 
Rate of the second train: 2r 


ees tac Time | Distance 


« The sum of the distances traveled by 
each train equals 306 mi. 


3r + 3(2r) = 306 






3r + 6r = 306 
9r = 306 

r = 34 

2r = 2(34) = 68 


The first train is traveling at 34 mph. 
The second train is traveling at 68 mph. 


« Time spent flying out: t 
Time spent flying back: 7 — t 








« The distance out equals the distance back. 








S10 — Chapter 5 


Solution 120t = 90(7 — t) 
120t = 630 — 90t 
210t = 630 
t=3 (The time out was 3 h.) 


The distance = 120¢ = 120(3) = 360 mi. 


The parcel of land was 360 mi away. 


Problem 2 


Strategy To find the maximum number of miles: 

» Write an expression for the cost of each 
car, using x to represent the number of 
miles driven during the week. 

« Write and solve an inequality. 


Solution 
cost of a is less | cost of a 
SECTION 4.8 Company Acar | than Company B car 
Problem 1 


Strategy To find the minimum selling price, write 
and solve an inequality using S to repre- 
sent the selling price. 


Solution 340 < 0.70S 


9(7) + 0.10x < 12(7) + 0.08x 
63 + 0.10x < 84 + 0.08x 
63 + 0.10x — 0.08x < 84 + 0.08x — 0.08x 
63 + 0.02x < 84 
63: =-63. +, 0102%,<2:34/-—.63 





0.02x < 21 

340 — 0.705 0.02x 21 
O70 Gay 0:70 0.02 ~ 0.02 
485.71429 < § x < 1050 


The minimum selling price is $485.72. 


The maximum number of miles is 1049. 





SOLUTIONS to Chapter 5 Problems 


SECTION 5.1 








Problem2 y= -ix ed 








Problem 1 1 
rw (4) 
=-1+1 
= 0 
The ordered-pair solution is (4, 0). 
Problem 2 _ A(4, 2), B(—3, 4), C(—3, 0), D(0, 0) 
Problem 3 Z 
Problem 3 
a 20 
meek 
= 16 
Ha 
Pega 
o is 
ae 
Eira) Problem 4 
= ee oe 
Le Sr aaa 
- Fuel use in the city 
(in miles per gallon) 
Pie 
oe 
. SECTION 5.2 Problem 5 5x — 2y = 10 
Problem1 y= Hey ee ts = a ‘ 
; —2y _ -5x + 10 
See ee 
=i ey Le 
PS ome By Wr a5 
-4=-4 y= > -5 


Wut) m= Ait wa cere aay ane ae ml Anite et): 


Solutions to Problems S11 


Problem6 A. 5x — 2y=10 _ 8650 — 6100 _ 2550 





Problem 2 ne ae 
~2y = —5x + 10 : te a =3 
y= e x-5 A slope of —850 means that the value of 
2 the car is decreasing at a rate of $850 per 
year. 
Be 5x a : a Pas Problem 3 y-intercept = (0, b) = (0, -1) 

1 1 
i 3 Xe m = 7 





Problem 7 x-intercept: 4x — y = 4 





Ag) 
4x=4 
msl 
Thescinterceprient 0) Problem 4 _ Solve the equation for y. 
y-intercept: 4x -—y=4 % a zs os A 
4(0) -y=4 a 
a ; iz Y = Si 2 


y-intercept = (0, b) = (0, —2) 


The y-intercept is (0, —4). 
y 





Problem8 A. — 





SECTION 5.4 











Problem 17 y=, 420 
SECTION 5.3 -2=5(4) +b 
Dey Pee ae sD —-2=6+b 
Problem1 <A. m Yemen) 9 | ce 
The slope is 5. y=5x-8 
- —5=2 = 2, 
B. m = Boh 2 Problem 2 m= = (x1, y,) = (5, 4) 
Xo XY ae 
—y,=mx-x 
The slope is ~2. oat a vd 
y—4=-(%—5) 
2theti=s oO 4 Q 
& bea ae oe) 0 Vie Be 
The slope is undefined. = 2 io 


epee (F) = 0G 
D. m <a “5-4 ar 


The slope is 0. 
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SECTION 5.5 Problem5 A. a - a B. B 
Problem 1 The domain is {1}. 7 
The range is {0, 1, 2, 3, 4}. ar 

There are ordered pairs with the same first Z 





0 


1 
Time (in hours) 


C. The ordered pair (3, 120) means that 





coordinate and different second coordi- 
nates. The relation is not a function. 














Problem 2 f@)=—5Sx +1 in 3 h, the car travels a distance of 
fe = 32) 1 120 mi. 
f(2)= —-10+1 
a SECTION 5.6 
The ordered pair (2, —9) is an element of _ 
the function. pore bee 2 : : es see 
Problem3 f(x) =4x-3 Sie Gee 
f(—5) = 4(-5) - 3 = -20 - 3 = -23 So et 
f(-3) = 4-3) —3 = -12-3=-15 =3 =e 
f(-1) =4(-1) -3=-4-3=-7 ah ie 
fi) =10) 3 4 3 = 1 Zor 2 
The range is|—23,— 1, —7, 1}. 
The ordered pairs (—5, —23), (—3, —15), 
(—1, —7), and (1, 1) belong to the function. 
Problem 4 f(x) = - and, 
1 Problem2 x <3 
Yin Aen 3 
y, 
SOLUTIONS to Chapter 6 Problems 
SECTION 6.1 
Problem 1 2x — 5y = 8 —x 4+ 3y = —5 
2) RG ees =(=1)) ar A=) | =—S 
eae Olin ik ce (=O) | 8 
8 =8 -5=-5 
Yes, (—1, —2) is a solution of the system of equations. 
Problem2 A. B. 
The solution is (—3, 2). The lines are parallel and therefore do not intersect. The system of 


equations is inconsistent and has no solution. 


SECTION 6.2 


Problem1 (1) 7x —y=4 
(2) 3x + 2y =9 
7x —y=A4 
a eee te 
mee eae 
3x + 2y=9 


3x + 27x — 4) =9 
SX eo 9 


17x —-8=9 

17x = 17 

x=1 

7x —y=4 

711) -y=4 

Ay =A 

YSs 

The solution is (1, 3). 

Problem 2 38x —-y=4 

= Sit 2 
Sey = 4 


3x — 3x +2) =4 
3 OX ee 
-2=4 


Solutions to Problems S13 


> Solve equation (1) for y. 


> Substitute 7x — 4 for y in equation (2). 


> Substitute the value of x in equation (1). 


Problem 3 y= —2x+1 
6x + 3y =3 
6 Sy 3 


6x + 3(=2x + 1) =3 
6x — 6x +3 =3 
3=3 


The system of equations is inconsistent The system of equations is dependent. The 


and has no solution. 


SECTION 6.3 


Problem1 (1) x—2y=1 
(2) 2x + 4y'= 0 


solutions are the ordered pairs that satisfy 
the equation y = —2x + 1. 


2 2y i= 2 A p Eliminate y. 





2x + 4y = 0 
2x — 4y =2 
2x + 4y =0 
4x = 2 p Add the equations. 
eee 
Fab ashe 
2x + 4y =0 p Replace x in equation (2). 
1 
2() a = 0 
1+ 4y=0 
Site @ 
mer s 
| 3 


ede ily 


eee lel 
The solution is (3, 1) 


foi lel ca Ne 
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Shee oe 


Problem 2 (1) 2x — 3y = 4 
(2). -=4x-F 6y = =8 


2(2x — 3y)=2 +4 p Eliminate y. 


plement 
BOS 


: 

4 —4x + 6y = —8 

/ An OY =o 

: =X oy = 5 

: 0+0=0 p Add the equations. 

: 0=0 

] The system of equations is dependent. The solutions are the ordered pairs that satisfy the equation 
: 2x — 3y = 4. 

’ 

: SECTION 6.4 





Problem 1 


Strategy = Rate of the current: c 
Rate of the canoeist in calm water: r 


* The distance traveled with the current is 24 mi. 
The distance traveled against the current is 24 mi. 


37 te) 24 















Solution 3(7 + c) = 24 eae r+c=8 
Ol ee 

A(r — c) = 24 eta r-—c=6 

2r = 14 

r=7 

r+c=8 

7+c=8 

c=1 


The rate of the current is 1 mph. 
The rate of the canoeist in calm water is 7 mph. 


Problem 2 


Strategy = The number of dimes in the first bank: d 
The number of quarters in the first bank: q 


Pines | a ahaa) ati 
Fouaness |g | 5 | 2 | 


[| Rrriber [Wate [ Total va | 


= The total value of the coins in the first bank is $3.90. 
The total value of the coins in the second bank is $3.30. 















Second bank 





Solution 10d + 25g = 390 10d + 25q = 390 
25 
20d + = 4 = 330 ~2( 204 +2 


i) = —2(330) 


Solutions to Problems S15 


10d + 25q = 390 


—40d — 25q = —660 
—30d = —270 
d=9 
10d + 25q = 390 
10(9) + 25q = 390 


D2 20g =390 
25q = 300 
Gia 


There are 9 dimes and 12 quarters in the first bank. 





SOLUTIONS to Chapter 7 Problems _ 


SECTION 7.1 
Problem 1 2x? + 4x — 3 
5x7 6x 
ieee aO 
Problem 2 (—4x? — 3xy + 2y’) + (3x? — 4y’) 
= (45-38%) — Sxy + (2y? — 4y’) 
= oxy —2y* 
Problem 3 The opposite of 2y* — xy + 5x? is 
Sak = OK 
Sy teat an eter. 
ade OX 
6y- ony — 4x" 
Problem 4 (—3a? — 4a + 2) — (5a? + 2a — 6) 
=(— 99° 4g 2) (—5a° — 20-6) 
—5a° — 3a* + (—4a — 2a) + (2 + 6) 
=a —"3271— 6a. + 8 


I 


SECTION 7.2 
Problem 1  (3x2)(6x°) = (3 - 6)(x? - x?) = 18x° 
Problem 2 (—3xy’)(—4x’y’) 


= [(=3)(—4) im - x"Vy* y*) 
= 12x°y° 


Problem 3 (3x)(2xy)? = (x)(2°x*y*) = (3x)(8x°y’) 
= (3 - 8)(x - x®)y? = 24x’y° 
SECTION 7.3 
Problem1 A. (—2y + 3)(—4y) = 8y* — 12y 
B. —a2(3a2 + 2a — 7) = —3a* — 2a° + 70? 


Problem 2 2 era 
OUR 
Sy 2 y +3 
6y* + 6y° oy 
6y° aye 2y tS 
3x° — 2x7 +x -3 
Xiao) 


15x? — 10x? + 5x — 15 
6x* — 4x> + 2x? — 6x 


6x* + 11x°-— 8x7 - x -—15 


Problem 3 


Problem 4 (4y — 5)(3y — 3) 
= 12y? — 12y — 15y + 15 
= 12y? — 27y + 15 
Problem 5 (3a + 2b)(Ba — 5b) 


= 9q? — 15ab + 6ab — 10b? 
= 9q* — 9ab — 10b? 


Problem 6 (2a + 5c)(2a — 5c) = (2a)? — (5c)’ 
= 49? — 25c? 


Problem 7 (3x + 2y)? = Gx)? + 2(3x)(2y) + (2y) 
= 9x? + 12xy + 4y? 


(6x — y)? = (6x)? + 2(6x)(-y) + (-y)? 
= 36x? — 12xy + y’ 


Problem 8 


Problem 9 


Strategy To find the area in terms of x, replace the 
variables L and W in the equation A = LW 
with the given values, and solve for A. 
Solution A =LW 
A = Ge te WNGe = 4) 
A =x? — 4x + 7x — 28 
A= x? 3x"= 28 


The area is (x? + 3x — 28) m’. 





SEES TS ae a aS UIE hs hem Soe ae ere ee yo 





S16 Chapter 8 


57,000,000,000 = 5.7 - 10° 
0.000000017 = 1.7 - 10°* 

5 - 10 = 5,000,000,000,000 
4.0162 - 10°’ = 0.0000000040162 


Problem 10 Problem 4 


Strategy To find the area of the triangle in terms 


f x, replace thi iables b and h in th 
of x, replace the variables b and h in the Problem 5 


1 
equation A = 5 bh with the given values, 


and solve for A. 


; A-10~°)(1.6 - 10°) = 3.84 - 10° 
earncn A=1bh Problem6 A. (2.4- 10~7)(1.6 - 10°) 8 


54-107 











i 
organ B. een eee 
— t a 3. ge 3 iS Da fe 3 
ee + 6x — 18) Problem 7 224 t8eyi = 4 _ Sey , Bey _ ay” 
eee i309 any BA) eee 
= 2x? + Axy — 2y? 
The area is (2x? + 3x — 9) cm’. oe 5 
Problem 8 24x?y = 18xy + 6y _ ae i BY oe 
SECTION 7.4 a mage 
a = AY = Orta 
Cie age eed Lets : 
Problem 1 8 =2°°=2 ae 
Problem 9 x? +2x +2 
8 
Problem 2 ie = @°b® = ap? x — 2)x? + Ox? — 2x — 4 
ab x? = 2x? 
eeu om indie Ve a oye 2x? ys 
Problem3 A. — iSatota tia, Aes 2x? — 4x 
B. (—3ab)(2a°b-2)~* = (—3ab)(2-2a-%b9) Stent 
Peay Soho! Ze 
ae Te Bae 0 
(x3 — 2x —4) + (x -2) =x? +2x4+2 
SOLUTIONS to Chapter 8 Problems | 
SECTION 8.1 Problem 3 a(b — 7) + b(b — 7) =(b- 7)a + dD) 
Problem 1 acy F3 2a ey , Problem 4 3y(5x — 2) — 4(2 — 5x) 
LOT ie uuiicr by dimes = 3y(5x — 2) + 4(5x — 2) 
GCE 2 x2 y= 2x-Y = (ot 2) 6y + 4) 
Problem2 A. 14a?=2-7-@ Problem 5 y° — 5y? + 4y? — 20 
Be ei dehy a = (y? — 5y°) + (4y? — 20) 
The GCF is 7a’. = y(y? — 5) + 4(y? — 5) 
149? — 21a‘b = 7a2(2) + 7a?(—32°b) = (y’ — 5)(y’ + 4) 
= 7a*(2 — 3a’b) 
B. 6x42 = 2-3 +x! y SECTION 8.2 
oy =3°3° x? y Problem1 Factors of 15 | Sum 
12x7y* =2-2- = coy =i, lS —16 
The GCF is 3x7y?. +35 0 
Ae OZ) 2, ,4 
ORY OXY Paley x? — 8x + 15 = (x — 3)(x — 5) 


= SKY (2X it Ox Yel oie te GacUa(4ay") 
2130 Y (20 Ok Ay) 





Solutions to Problems S17 


Problem 2 Factors of —18 | Sum Middle Term 


—ldx +; 834 —=| —7% 
15x — 8x = 7x 
—5x + 24x = 19x 
Oi ON 
—30x + 4x = —26x 
30x — 4x = 26x 
el) ee lees 
10x — 12x = —2x 
al 20 a Oe 


Trial Factors 


(x + 1)(8x — 15) 
Ga 1)(8x el5) 
(x + 3)(8x — 5) 
(@ = 3)(8x + 5) 
(Ae ae ieee = 15) 
(2x — 1)(4% + 15) 
(2x + 3)4x — 5) 
(2x — 3)(4x + 5) 
(8x + 1)(x — 15) 










x? + 3x — 18 = (x + 6)(x — 3) 


Problem 3 The GCF is 3b. (Be — 1) (15) el 20 ee 
3a7b — 18ab — 81b = 3b(a? — 6a — 27) CBR no re) ae 20 
(8x — 3)(% + 5) AD 3x —=937% 
Factors of —27 | Sum (4x + 1)(2x — 15) | —60x + 2x = —58x 
(= 1) (25 15) 60 2 — 5 8ie 
(4x + 3)(2x — 5) —20x + 6x = —14x 
(Che SN OS2 se 5) |) Ose = Gre ee 





8x? + 14x — 15 = (4x — 3)(2x + 5) 
3a*b — 18ab — 81b = 3b(a + 3)(a — 9) 
Problem 3 Factors of 24 | Factors of —1 





Problem 4 The GCF is 4. i 1, 24 11 
4x? — A0xy + 84y27 22 
= A(x? — 10xy + ay?) ~ ee 


Middle Term 
Yi — 2A =" 25y 






Factors of 21 | Sum 
lel a7 Trial Factors 
—3,—-7 —10 


(1 — y)(24 + y) 





4x* — 40xy + 84y* = 4(x — 3y)(x — 7y) (2 — y)Q2 + y) | 2y — 12y = -10y 
S>=YSy) sy tity, 
(4—y)(6+ y) | 4y— by = -—2y 


Problem 1 Factors of 6 | Factors of 5 
1,6 —1,-5 Problem 4 The GCF is 2a’. 
Zo 4a7b? — 30a2b + 14a? 
= 2a?(2b? — 15b + 7) 
Trial Factors Middle Term 
(x — 1)(6x — 5) | —5x —6x=—11x Factors of 2 | Factors of 7 
6x? — lix +5 = (x — 1)(6x — 5) 1,2 7, 


Trial Factors Middle Term 
(6 —=NC@b—=7) |) =7b— 2b = —9b 
(b — 7)(2b — 1) b — 14b = —15b 


4a*b? — 30a*b + 14a? 
= 2a7(b — 7)(2b — 1) 


Problem 2 Factors of 8 | Factors of —15 














S18 Chapter 8 
Problem 5 a-:c=~—14 
—1(14) = =14,-1+ 14=13 
2a + 13a = 7 


Problem 6 


Problem 7 


= 2a" -—a+14a—7 
(2a* — a) + (14a — 7) 
= (2ge—al) Pat (oe) 
= (29 — 1)(@ + 7) 


a:c=-—12 
11D) 12 ie 
4a* — 11a — 3 


=4q?>+a-—12a-3 
(4a? + a) — (12a + 3) 
= ada + l)\i— 3(4a + 1) 
= (4a ep \@= 3) 


The GCF is 5x. 
15x° + 40x? — 80x = 5x(3x? + 8x — 16) 


3(—16) = —48 
—4(12) = —48, -4 + 12 = 8 
3x? + 8x — 16 


= 3x* — 4x + 12x — 16 
(3x? — 4x) + (12x — 16) 
x(3x — 4) + 4(3x — 4) 
= (3x — 4)(x + 4) 


15x° + 40x? — 80x = 5x(Bx? + 8x — 16) 
= 5x(3x — 4)(x + 4) 


Il 


SECTION 8.4 


Problem 1 


Problem 2 


Problem 3 


Al 25a? — b= (Ga)? = b? 
= (5a + b)(Sa — b) 


B. 6x? — 1 is nonfactorable over the 
integers. 


C. n® — 36 = (n'*? - 6? 
= (n* + 6)(n* — 6) 


n’ — 81 = (n* + 9)(n? — 9) 
= (n* + 9)(n + 3)(n — 3) 


A. 16y? = (4y)?,1 = 1? 


(4y + 1)? = (4y) + 2(4y)(0) + GP 
= 16y’? + 8y + 1 


16y? + 8y + 1 = (4y + 1)? 
B. x? =34x)4.36 167 
(x: + 6)? = x? + 2(x)(6) + 6? 
=x? + 12x + 36 


The polynomial is not a perfect 
square. 


x* + 14x + 36 is nonfactorable over 
the integers. 


Problem 4 


A. 12x? — 75x = 3x(4x? — 25) 
= 3x(2x + 5)(2x — 5) 


B. ab —7a2-—b+7 

= (ab — 7a’) — (6 — 7) 
a*(b — 7) - (6-7) 
CG) 
= (b — 7)(a + 1)(a —- 1) 


C, 40 + 28x? 120% = 4x(x? + 7% — 30) 
= Ax(x +10) — 3) 


I 


I 


SECTION 8.5 


Problem 1 


Problem 2 


Problem 3 
Strategy 


Solution 


2x? — 50 = 0 

2(x? — 25) =0 

x? —-25=0 

(x + 5)\(x — 5) =0 
x+5=0 sol ()) 
eS = 


The solutions are —5 and 5. 


x P20 = 7 eo2 
x? — 5x —- 14=52 
x? — 5x — 66=0 
(x — 11)(x + 6) =0 


x-11=0 
x=11 


x+6=0 
x=-6 


The solutions are —6 and 11. 


First positive integer: 1 
Second positive integer: n + 1 
Square of the first positive integer: n? 
Square of the second positive integer: 
(n + 1) 
The sum of the squares of the two integers 
is 85. 
n?+(n+1)P = 85 
nine + 2 85 
2n*> + 2n — 84=0 
2(n? +n — 42) =0 
n+n—42=0 
(n + 7)(n — 6) =0 
het 7 =) Oo) 
(Ve i= 6 
—7 is not a positive integer. 
tl 6 a7, 


The two integers are 6 and 7. 


Problem 4 


Strategy Width = x 
Lenoth = 24 3 


The area of the rectangle is 90 m?. 
Use the equation A = LW. 


Solution A= LW 
90 = (2x + 3)x 
90 = 2x? + 3x 
0 = 2x? + 3x — 90 
O = (2x + 15)(x — 6) 


2% + 15 = 0 x-6=0 
Me == = 115 x=6 
nares 
ee oD, 





SECTION 9.1 





Problem1 A. = 


St a eae 6) xO 





Be ee rg ee 


1-2 £(4—")(4+x) x+4 
1 


12eae 8h — 12 

NO SOS 
epoxy nls 42x = 3) 
~ 5(2x—3) 9x + 2) 


Problem2 A. 





1 1 
mee (4 a2 2a) 
~ 5(QQx—3) - B+ 3(x + 2) 
1 1 
_ 4x(4x + 1) 
~ 15(x + 2) 
Nari sel ee erotic al 
9 — x? x? —7x +6 
Pepe) ra) peas 3)(e = 6) 
C=C x) & = )@— 6) 


-1 1 1 
_ G&S + 5) 4+ Ble) 
B—-HB+H  &— Das) 
1 1 1 
path) 
56 Ml 





a? : a 
Abc? — 2b°e bbe — 3° 
= a’ ote = 3b? 
Abc? — 2b?c a 


1 
_ a+ 3bQe—%) _ 3a 
2bcQe—b)-a 2c 
1 


Problem3 A. 


SOLUTIONS to Chapter 9 Problems | 


Solutions to Problems S19 


The width cannot be a negative number. 
20h 3 == 2(6) B= 12 B= 15 
The width is 6 m. The length is 15 m. 





Ox rt wOx BP aGm 62x er Ox en 
3x2? -7x-6 x2 +2x-15 
Bk ricky Box el Orme theme lS 

3x*- 7x -6 2x7 + 9x -—5 
1 1 1 
_ Ber 2x + 8) &+5)e—3) 
(Ox) 0) (2a) ete) 
1 1 


1 


B. 





x+8 


Wor 1 





SECTION 9.2 


Problem1 8uv?=2-2-2-u-v-v 
12uw =2-2°-3:-u-w 
ECM FD eS 1 Ont) 
= 24uv*w 


Problem 2 m? — 6m+9=(m — 3)(m — 3) 
m — 2m — 3 = (m+ 1)(m — 3) 


LCM = (m — 3)(m — 3)(m + 1) 
Problem 3 The LCM is 36xy7z. 
R38 NS By 2 2 








4xy? — Axy? —-9z 36xy*z 
Da ee At Oi ae 











9y7z 9y7z ax 36xy72 











2x 2x 2K 
m 4 = =—-— 
Proble 25 — x? —(x? — 25) ae 

ihe GMs Get 2) 0a — 5) (5): 

aaa - x+4 joe Cia ie 
Ko ex lO mee 2) Sx) (2G = 5) Ga) 

Daeg em 2x eat onan 2x ae ft 
25 — x? (c= 5) G4 5D) ea 2 (x + 2)(x — 5)(x + 5) 





| 


Hi 





aE 


SS SS 


= 
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SECTION 9.3 


3 12 3+ 12 15 
Problenr A — = — 
xy xy xy xy 
B eee ees Te oe) 
“ 9 —y%=—-12 x? -x-12 We an 





x*>-—x-—12 


Problem 2 A. The LCM of the denominators is 24y. 
Zz AZ oz Zio) AZ 8: 9z) 36 


8y) 3Y 4y 8y 3 3y 8 4y 6 
SZ Ol OU OZ mero 2 1 OUZ 


 2dy = 24y  24y 24y 
B. The LCM is x — 2. 





2 4¢. = Cee Ke 


Problem 3 


P 


The LCM is (3x — 1)(x + 4). 
4x 9 


Okan eee 











2M do? elon, 2 ee 

— Bx—-Dx+4 Bx—-De+4 

Gxt # 16x) = 27% — 9) 

TPG anes 

_ 4x? + 16x - 27x +9 4x? - 11x + 9 
(3x — 1)(x + 4) (3x — D(x + 4) 


B. The LCM is (x + 5)(x — 5). 














2x — 1 2 
GOR 5) = be 
5. Daal = Z 3 eal (eee) 
@s Ne] a) =@@=5) G45) 
pt gd —2(x + 5) 
(x + 5x —5) | (x + 5\(x — 5) 
_ (2x — 1) + (—2) + 5) 
= (x + 5)(x — 5) 
_ 2x 1 2x — 10 
(FO) 15) 
-11 11 





~ (x +5)(x-5) (x +.5)(x — 5) 


1 
Oi Ai a 4) ed 
(x + 3)(@—4) c+ 3 
1 


SECTION 9.4 
Problem1 A. The LCM of 3, x, 9, and x? is 9x’. 


WOlR 
| 
RR 
WlR 
| 
Rl 








Ol FR 
aR 
Ole 
R|- 


1 
DS Sia oe Aaa as) 3x 


2-9 9 (x —3i(x +3) x+3 
1 


B. The LCM of x and x? is x?. 


4 4 3 
14+-4+5 1 ae 
10920 10.220 a5 
1+—+5 14+—-+5 
x aoe 
(Oe ee oe ae 
r x 
yee ae 
x x 
x? + Ax 3 


x? + 10x + 21 

1 
— &+tY)G+rs)_ xt) 
C++ 7) x+7 


1 





SECTION 9.5 
Problem 1 The LCM of 3 and 3x is 3x. 


ales 

3 Bx 
1 4 
ax(x +2) =3x(4) 
Spe ie eek 4 
eno i 3x 

3x7 +x =4 


3x7 +x-4=0 
(See se AN Ge = 1D) =" 


3x +4=0 x-1=0 

34 x=1 
monet 
PGES 


4 
Both 5 and 1 check as solutions. 


: 4 
The solutions are ae and 1. 


Problem 2 The LCM isx + 2. 











ee 10 

AEE) Wau 32RD 
(Ge se 2D) 35 -4( 10 
eae --2) 


5x = (x + 2)3 — 10 
Die — oe 1Os LO) 


Sino 
2x = —4 
Came ge 2 


—2 does not check as a solution. 
The equation has no solution. 

















Problem 3 
2 6 
A. x+3 95x 455 
2 6 
(x + 3)(5x + 5) ay (x + 3)(5x + 5) by 5 
(5x + 5)2 = (x + 3)6 
10x + 10 = 6x + 18 
4x +10 = 18 
4x =8 
x=2 
The solution is 2. 
5 10 
B. a-3 x+3 
Sa) = 3) = (e123)(2% = 3) = 
OBES) ee ie eee 
(x + 3)5 = (2x — 3)10 
5x + 15 = 20x — 30 
-15x + 15 = —30 
—15x = —45 
x=3 
The solution is 3. 
Problem 4 


Strategy To find the total area that 270 ceramic tiles 
will cover, write and solve a proportion 
using x to represent the number of square 
feet that 270 tiles will cover. 


: pee 
Solution 9 270 
4 0G 
270( 4) = 270( 35) 
120 =x 


A 120 ft? area can be tiled using 270 
ceramic tiles. 


Solutions to Problems S21] 


Problem 5 


Strategy To find the additional amount of medica- 
tion required for a 180-pound adult, write 
and solve a proportion using x to represent 
the additional medication. Then 3 + x is 
the total amount required for a 180-pound 











adult. 
120 180 
Solution cea 
40 180 
 3+x 
180 
(3) 40 SO) aes 
120 + 40x = 180 
40x = 60 
sea al 
1.5 additional ounces are required for a 
180-pound adult. 
Problem 6 


Strategy Triangle AOB is similar to triangle DOC. 
Solve a proportion to find the length of 
AO. Then use the formula for the area of a 
triangle to find the area of triangle AOB. 








Soluti aoe 
olution eG 
Apes 
10 x 
4 3 
10%( 4) = 10%(°) 
4x = 30 
aay 
1 
A= 5 Oh 
if 
A= 5 (10)(7.5) 
A = 37.5 
The area of triangle AOD is 37.5 cm’. 
SECTION 9.6 
A+L 
Problem1 A. ea 
A+L 
2:s= 2( 9 ) 
23=A+L 








S22 Chapter 10 








B. S=a> @— ld 
Sas nd ad 
S-a=a-a+t+nd-d 
S-a=nd—-d 
Sad = des a tad 
S-at+d=nd 
Ss adm, 
d “aad 
S-at+d 
ay Oe 
Problem 2 S = Ger G 
Ses er) 
se a nc 
‘a7 = ete? 
S 
fe the © 


SECTION 9.7 
Problem 1 


Strategy = Time for one printer to complete the 


oe t 





1st printer 
2nd printer 


« The sum of the parts of the task 
completed must equal 1. 


Seo 
Solution ati iee 1 
Oa! 
t (3 a 5) =t-1 
Soto. sar 
Gt 
Working alone, one printer takes 8 h to 
print the payroll. 
Problem 2 


Strategy = Rate sailing across the lake: r 
Rate sailing back: 2r 


[iste [Rate [Time | 


« The total time for the trip was 3 h. 
6 6 


Spe 


2( 8 + £) = 2r(3) 






Solution 


6 6 
gS LG nO 
r 2r 


12 +6=6r 
18 = 6r 
=r? 


The rate across the lake was 3 km/h. 





: SOLUTIONS to Chapter 10 Problems | 


SECTION 10.1 
Problem 1 —5V32 = —5\V/25 = —-5\V/2!-2 

= —5V/2!V2 = -5.- 22°72 = =20V2 
Problem 2 V216 = V2.3 = V2? - 3°(2 - 3) 

= V22-327V2-3=2-3V2°3=6V6 
Problem 3 Vy® = Vy8- y= Vy® Vy = Vy 
Problem 4 A. V45b? = V32-5-b" = V32b%5 - b) 

= V32b§ V5b = 3b3V/5b 


B. 3aV 28a°b'® = 3aV 2? - 7 - a2b'8 
= 3aV 27a8b'8(7a) = 3aV 22a8b'8 \/7a 
= 3a - 2a°b°V7a = 60°D°V 7a 





Problem5 V25(a + 3)? = V52(a@ + 3)? 
= 5(a+ 3)=5a+4+ 15 


SECTION 10.2 


Problem1 A. 9V3 + 3V3 — 18V3 
=(9+3-18)V3 = -6V3 


B. 2V50 — 5V32 = 2V2-52 — 5/25 
= 2V52 V2 = 5n/241/2 
=2-5V2-—5-22/2 
= 10V2 — 20V2 = -10V2 


Problem2 A. yV28y + 7V63¥3 
=yV2 Ty + 7VE-7- 
= yV2V7y + 7V32- 2 V7y 
= y+ 2V7y + 7+ 3yV7y 
= 2yV7y + 2yV7y = 23yV7y 
B. 2/2705 — 4aV/12a3 + a2\/75a 
= 2V33- a5 — 4aV22-3- 03 + a?V3-52-a 
= 2V3? - a4 V3a — 4aV 2? - a2 V3a + 2/52 V3.0 
= 2 - 3a°V/3a — 4a - 2aV3a + a? - 53a 
= 6a°V/3a — 8a?\/3a + 5a?V/3a = 3a?V3a 


SECTION 10.3 


Problem1 V5a V15a2bt V3b5 = V/225a4b9 
= VI5aID = VFPab Vb 
= 3 - 5a°b*V/b = 15a°b*V/b 

Problem 2 V5x(V5x — V25y) = V52x?2 — V58xy 
= V5 — V5 V5xy = Sx — SV 5xy 


Problem3 (Vx — Vy)(6Vx — 2Vy) 
= 15(Vx)? — 6Vxy — 5V xy + 2(Vy) 
= 15x — 11V xy + 2y 


Problem 4 (2Vx + 7)(2Vx — 7) 
= (2V x)? — 7? = 4x — 49 


SAS ln OVS 











Problem 5 A. me 5 
V3x7y9 3x’y xy Vy? 

REV DMINEN DS (VE WR 

uve yx Nx ag) 
ee ee nO aulos Vy Sy = 3Vy 
Vo es Vy 3 

CEN BEV Ys ov 


1-2Vy 1-2Vy 14+2Vvy 
_ 5 +10Vy + Vy + 2y 


1 — 4y 
_ 5+ 11Vy + 2 
= 1 — 4y 
SECTION 10.4 
Problem1 W4x+3=7 
Vdx = 4 
(V4x)? = 4 
4x = 16 
x=A4 
Check: V4x +3=7 






V4:-44+3 
V42+ 3 
AO 
7=7 





The solution is 4. 


Solutions to Problems $23 


Problem 2 A. V3x —2-—5=0 
Vio a 

(V3x — 2)? = 5? 

S25 

3x = 27 

x=9 


Check: VS = 2=—=5=O 





The solution is 9. 


B. V4x —7+5=0 

V4x —-7=—-5 
(V4x — 7)* = (-5) 

4x —7=25 

4x = 32 

x=8 


Check: VA ye) 





V8 Pie tae) 


0 
0 
V5 5 TO 
5+5 10 
0 


There is no solution. 


Problem 3 
Vx + Vx t+9=9 
Vx =9-WVx +9 


(Vx? = (9 — Vx + 9) 
x= 81 —18Vx +9 + & + 9) 


18Vx +9 = 90 
Vat ae) 
(Vx + 97 = 5? 
x+9=25 
x=16 

Check: Vx +Vx+9=9 






V16+V16+9 





Ae INA Om 
4+ 19 
3 


The solution is 16. 
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S24 = Chapter 11 


Problem 4 
Strategy 


Solution 


Problem 5 
Strategy 


To find the distance, use the Pythagorean 
Theorem. The hypotenuse is the length of 
the ladder. One leg is the distance from the 
bottom of the ladder to the base of the 
building. The distance along the building 
from the ground to the top of the ladder is 
the unknown leg. 


a=Ve=P 
a= VDE OF 
a= V144 — 25 
avi 

= 10.91 


The distance is 10.91 ft. 


To find the length of the pendulum, 
replace T in the equation with the given 
value and solve for L. 


Solution 
ig 
Le ag 
Hall 
1 5 — Qa 32 


may 
ol 


I 


P| 


fs 
( 
22(4 


1.82 ~ L 
The length of the pendulum is 1.82 ft. 


Nv 
eee 
nN 


ion Y le 
a 
~~ hoa 
I 
Blo - ae 
9 
ame 


vl edornn 


) == p Use the 7 key on your calculator. 





SOLUTIONS to Chapter 11 Problems 


SECTION l11.1 


Problem 1 


Problem 2 


BU eiaee ae 
3y Be 
2(3¥ + 1) = 2(0) 
3y? + 2y-1=0 
(3y — 1)(y + 1) =0 
Ye Geta 0 
oY = Viel 
it 
ee 


The solutions are 5 and —1. 


A. 4x*—96=0 


4x? = 96 
n= 

Ve = 24 
x= +V24 
x= +2V6 


The solutions are 2V/6 and —2V/6. 


B. x7+81=0 
x? = —81 
Vx? = V—81 (not a real number) 


The equation has no real number 


solution. 
Problem 3 (4 5)? = 20 
Vie +5? = V20 
Ree tN a) 
x+5 = 242V5 
x+5=2V5 x+5=-2V5 
x=-5+2V5 x=-5-2V5 
The solutions are —5 + 2/5 and 
—5 — 2V5. 
SECTION 11.2 
Problem1 A. 3x*- 6x-—2=0 
3x? — 6x = 2 
Lo ee 
3 (3x 6x)i—= aS 2. 
2 
ay a 
56 DG 3 


Complete the square. 


et el 


3 
5 
wea \ 23 a = 
Gen) 
VE=1F= ,/2 
r-1=2,2 
3 
pees 8 
3 
aes ee ee AS 
3 3 
7=1+~= i 
E1315 AG SINS: 
3 3 
The solutions are ee and ae 
B. y?—-6y+10=0 
y’ — 6y = —10 


Complete the square. 
y oy +9 = —10 19 


GY 3)—=-1 
Vy —3P =V-1 


V —1 is not a real number. 
The equation has no real number 
solution. 


Problem2 x?7+8x+8=0 
Ne oi 
x? + 8x +16 = —-8 + 16 


(x + 4° = 8 
V(x + 42 = V8 
x+4=+V8 
x+4= +2.828 
x +4 = 2.828 x +4 = —2:828 
x = —4 + 2.828 x =~ —4 — 2.828 
= —1.172 = —6.828 


The solutions are approximately —1.172 and —6.828. 


SECTION 11.3 
Problem1 A. 3x*7+4x-4=0 


Solutions to Problems S25 


a=3,b=4c=-4 
5A. 2) ENO 464) 











Days) 
rf? —4+ V16 + 48 
6 
AV Gl ge 8 
6 6 
_ -44+8 _ 4-8 
eG 2 ale G 
A ay 2: 12 
Ties nena 
: 2 
The solutions are = and cen 
x 2 = 1 
x? +2x% — T= 
a=1,b=2,c=—-1 
ae =2) SVQ 4HED 
Daal 
= —2+V4+4 
2 
2 V6 
y 
Eten? 
DZ 
925 ay 
The solutions are —1 + V2 and 
-1- V2. 
z7+2z+6=0 
a=1,b=2,c=6 
—(2) = V22 — 4(1)6) 
pe eS eee 
2(1) 
= eee VAS 2a EN ae) 
2 2. 
VV—20 is not a real number. 


The equation has no real number 
solution. 





S26 — Chapter 11 


SECTION 11.4 SECTION 11.5 


Problemi A. y=x*>+2 Problem 1 


beer iige PosK Strategy = This is a geometry problem. 


The parabola opens up. « Width of the rectangle: W 
Filey) Crea Length of the rectangle: W + 3 








ON 2 « Use the equation A = LW. 
Ley Solution A=LW 

oe sell 40 =(W+3)W 
2) 6 40 = W? + 3W 

216 0 = W? + 3W — 40 

Boe Viet Xt O = Wir.o) (Wa) 

a= —1. ais negative. W+8=0 W-5=0 

The parabola opens down. W=-8 W=5 
delet The solution —8 is not possible. 
0 3 The width is 5 m. 
1 0 

vl 4 
20 ae-5 

2 3 

=3 0 

SAG 5 









ANSWERS to Chapter 1 Odd-Numbered Exercises _ 


CONCEPT REVIEW 1.1 


1. Sometimes true 3. Never true 5. Sometimes true 7. Always true 9. Always true 


SECTION 1.1 


3 > a an 9. Mga 13-41 > 15919> 17 it 19D) 347526) 8} 

21 {2 3,425; 6, 7, 3} 235 - Of, a eo eet D5 a5 2g eas 29. 9 21,37 

Si-e—o2, —46,,0 33.0 7,0; 4, 29 35, 5) 6,/,0; 2 B70 Oye 9 Oe OD ai. 22 

43. 31 45. 168 47. —630 49. 18 5 —49 53. 16 Some 5S) Soa 14 61. 0 
63. —34 Os 2 85,2, =1,=8 lo 85,2, 8 67. > 69. < Uhl eto 735 1 

75. —19,-|-8|,|-5|,6 77. —22, —(—3),|—14|,|-25| 79. a. 5°F with a 20 mph wind feels colder. 

b. —15°F with a 20 mph wind feels colder. Sila — 4,4 835 ould 85. Negative 87. 0 89. True 


CONCEPT REVIEW 1.2 


1. Sometimes true 3. Always true 5. Always true 7. Never true 9. Never true 


SECTION 1.2 


ore il Sa 7s =3 9. ATI G5 13:5 00) Seo sel iC, "Il 2A o 

23 £392 27.5 8 29 Sle, Som oma O S/o 39 nO 41. -9 43, 2 
45. —138 47. —8 51. 42 DS a0) DOO Smee. ss), Gl 2 63. —102 

65. 140 67. —70 69. 162 71.60120 73549 6 75.) 192 77S x FOS 79 SOU St ee? 

83. 8 $52, 0 87m? SoS oe 93 ee 9544 — 12 Si, ils) OOM lG 101. 19 
103. 26 105.411 1072 15 109. 4.135 111. The temperature is 3°C. 113. The difference is 14°C. 
115. The difference is 399°C. 117. The difference in elevation is 5662 m. 

119. The difference in elevation is 6028 m. 121. The difference in elevation is 9248 m. 

123. The average daily high temperature is —3°C. 125. The temperature dropped 100°F. 

127. The difference between the net income or loss in 1993 and that in 1994 is $292 million. 

129. The difference is greatest for the years 1997 and 1992. That difference is $2,254 million. 

131. The student’s score is 93. 133. The 5-day moving average for the Disney stock is —84, —150, —68, —62, ==32,, 10: 
N35 l7 e137. 3 139. —4,—-9.-14 141, —16,4,—1 143. 5436 145. b 147. a 

aon NOU 2 (6) = 19 


CONCEPT REVIEW 1.3 


1. Never true 3. Sometimes true 5. Always true 7. Never true 9. Always true 


SECTION 1.3 
TO Se 34 0258 Se 04ND) 7.8t0lete 940d 25@Olt Ode 19600450) 150588. a7. 1026 


19. 05625 21. 0.24 23. 0.225 25. 0.681 27. 0.4583 29. 0.15 31. 0.081 35. :, 0.75 


1 16 3 19 at 1 Be 
B71 e0 Boe oe Det slat Lo Asa, O10 458 7 005" 47. 45°45 | 49. 0.08 

1 5 pl Bt 915 7. 15% 
Bl. 5 8s ae (ES5B-Gp 57, =,  59.- 0.073 61. 0.158 63. 0.091! 65. 0.1823 6 5% 


69. 5% The IW7 5%. 73. 115% 75. 0.8% Tis OD 76 79. 54% 81.5.133.3% 83. 44.4% Al 











A2 Chapter 1 


: 1 5 ; 5 13 ms mie 
85. 250% 87. 375% 89. 355% 91. 125% 93. 155 5% 95. 2 97. 74 99. om 


oie = ‘40s 2 oe 0 eT, en et 88 


26 24 Rest SG 24 8 315 
119. —6.192 1A, BLASS 123. 4.676 125. —10.03 127 Oo 129., —175 131. 853.2594 
3 1 15 3 _8 2 
133.00 = 8 135. i0 137. 6A 139. 3 141. 9 143. 3 145. 4.164 147. 4.347 
149. —4.028 151. —2.22 153. 12.26448 155. 0.75 157. —2060.55 159. 0.09 
161. Natural number, integer, positive integer, rational number, real number 163. Rational number, real number 


165. Irrational number, real number 167. The cost is $1.21. 169. The difference is greatest for the years 1993 and 


2 
1994. That difference is $6.264 billion. 171. The new fraction is greater than =. 173.811:06% 175. 253¢ 


177. Yes. For example, c = "i 


CONCEPT REVIEW 1.4 


1. Never true 3. Never true 5. Always true 7. Never true 9. Never true 


SECTION 1.4 
1 


5 ete 3.) 49 my @ Tool 2a 11. 0.09 1302 15. 0216 7 ae 2: 19916 


oI. —864 23, 1008S 25. 3 27. —77.760 31. 9 33. 12 35 1 37:7 (39) —36 
4113) 43. 4 45. 15S A. =~ 49, ASB SSS TS 


48 
61. 100 63. 120 65. It will take the computer 17 s. 67. 6 C99 


CHAPTER REVIEW EXERCISES 


Pee 456} (Obit). 2 625% (Ob 132). 3 4 “(Op 12) eed Oneiee) 


5. 17 (Obj.1.24) 6. 0.7 (Obj.13.1) 7. —5.3578 (Obj.1.3.4) 8 8 (Obj.14.2) 9 4 (Obj.1.1.2) 
10: =14 (Obj.1.2.2) 11. 67129" (Oby182)> % 12: = (Obj. 1.3.2) 13. —9 (Obj. 1.2.4) 
1 


14. 0.85 (Obj.13.1) 15. —5 (Obj.134) 16. 9 (Obj.142) 17. < (Obj. 1.1.1) 


18. —16 (Obj.1.2.1) 19. 90 (Obj.1.2.3) 20. 6.881 (Obj.1.3.3) 21. —5,—-3 (Obj. 1.1.1) 
22 50.07 “(Obji1.3.2) 1 — 231 ~ 124 (Objra4it) oA! 244s (Obj2 Wt) ¢> 2521 —3.64 Obj. 12) 


26. 48) (Obj. 1-2-3). 27. is (Obj-13.3) 28 —1087 (Obj. 14,1) ° 29... 277.8%: (Opp, 13:2) 
S024) (Obj-13.2) 9315 2° (Obj. 11.2) 32.0 =14 (Obj 122)) (3358-8 (Ou) 

34. 039 (Obj.13.1) 35.. =~ (Obj. 13.4) 36. © 12) (Obj. 1.4.2) 37.03 (Obie E12) aS salam (One 2) 
39. 2885% (Obj.1.3.2) ~ 40, <a. 12, 8,1,,=7 3b. 12,.871,7), (Obj. 11.2) | 41s 125 (Obj 124) 

42. 0.63 (Obj.1.3.1) 43. -11.5 (Obj.13.4) 44. 8 (Obj.14.2) 45. > (Obj. 1.1.1) 

465-82 (Obj.1 2:1)" 947.2972) KObjA1.23)) 48.2 i (Obj: 1.3.3) 49. 17) =97 0) A a(Objeiaa) 

50. 0.2% (Obj. 1.3.2) 51. —4 (Obj. 1.4.1) 52, 3.561) (Obj; 13:3) 53. 17 (Op #12) 

54. = 27° (Oojvi.22) 85. -= (Obj. 1.3.4) 56. < (Obj. 1.1.1) 570725 (Obpel.3.®) 

58. —128 (Obj. 1,4.1) 59. “7% > (Obj: 1322) 60. 545% (Obj. 1.3.2) 61ce 18% (Obj: 1.2.1) 

62, 0 (Obj. 12.3)  63._9 \(Obj.1-4.2) 64. - (Obj. 1.3.3) 65. 16 (Obj. 1.2.4) 66. < (Obj. 1.1.1) 

67. = (Obj h41) > 68.5 =6) (Obj2 124) 69. 300 (Obj. 1.2.3) 705 (3) 271 | (Opp ie) 

71. The temperature is 8°C. (Obj. 1.2.5) 72. The average low temperature was —2°C. (Obj. 1.2.5) 

73. The difference was 13°C. (Obj. 1.2.5) 74, The temperature is —6°C. (Obj. 1.2.5) 

75. The difference is 714°C. (Obj. 1.2.5) 


— 


AaIN 


Answers to Odd-Numbered Exercises A3 


CHAPTER TEST 
1, a (pels 2ye 28 68’) (Obj iat) 0663.9 =3°(Obj.W22) 24, 20.8302CObji 13.4) 


1 : : 
Dg) (Ob 14) 6515" (Obj. 1.24) Ts -; (Obj. 1.4.1) 8262 (Obj. 121) 


Oy fl 2)874 5 re)) (Obj IY “10% 159% 2(Obj). 1.32) 611.029 2b}. 1.12) © 120% 2 (Obj. 1.1.) 


23 : 
13. a (Obj. 1.3.3) 14. 258 (Obj. 1.2.3) 15. 3 (Obj. 1.4.2) 16 (Obj. 1.3.4) 


17, 23.1% (Obj.1.3.2) 18. 0.062 (Obj.1.3.2) 19. 14 (Obj. 1.2.2) be" 0.43 (Obj. 1.3.1) 
21. —2.43 (Obj.1.3.4) 22. 15 (Obj.1.2.4) 23. 640 (Obj.141) 24. -12 (Obj.1.21) 

25, 349 (Obj1.12) 26. > (Obj.11.1) 27. a. 17,6,-5,-9 b. 17,6,5,9 (Obj.1.1.2) 

28. 6955 % (Obj. 1.3.2) 29. —11.384 (Obj. 1.3.3) 30. 160 (Obj.1.2.3) 31. -—2 (Obj. 142) 


32. The temperature is 4°C. (Obj. 1.2.5) 33. The average high temperature was —4°C. (Obj. 1.2.5) 





ANSWERS to Chapter 2 Odd-Numbered Exercises 


CONCEPT REVIEW 2.1 


1. Always true 3. Sometimes true 5. Always true 


SECTION 2.1 


ee OG Oar Oxy 7. 1-9) | 9.1 =a 1s 13. 10) abe sede Z| 
19. 16 2h = D3 DEN ee Dea 3 2 =I) 31. 41 33 cml 35. 5 3 ul 
39. 57 41. 5 AS eel 45. 6 47. 10 49. 8 Ble i, 2 55. —22 57. 4 
59. 20 61. 24 63. 4.96 65. —5.68 67. The volume is 25.8 in°. 69. The area is 93.7 cm2. 


PIMRTRCU mec tel ome. 973. 20 75. = 77718 79. <1 “81. 4 83481 


CONCEPT REVIEW 2.2 


1. Never true 3. Always true 5. Always true 7. Never true 


SECTION 2.2 


1, 2: Sao Se 0 i, apo 4 11. The Inverse Property of Addition 13. The Commutative 
Property of Addition 15. The Associative Property of Addition 17. The Commutative Property of Multiplication 
19. The Associative Property of Multiplication Vel ay 23. 508 255, Ci 2781-30 — -/As 295, Ok 

31, —2ab 33:) oxy 35. 0 31S = x 39. -sx? 41. 11x 43. 7a 45. —14x’ 

47m xi Oy Wao 17xi oy 51. 27 6b 1153. -— 3x — By" SD. See MOD alk eo = 218 
Glcyeemosesy Gon oe) 675020 09) 1bxe EX 13k 78 TT 19. 

Sin 24 Sahai) SS ibe- «87% oyce—-69. Sy 2h 91. (2% 6 93. hax a2 |p 95. (8K 6 

97. = 2G = 1A 99. —6y + 24 10%. 35 — 210 1032" —9) 72157 105, 15x07 6x 107. 2y— 18 

109; — 15x — 30 1114 6x 8 113. S67 +21 115. —6a? + 7b? 117, px? =e 20 





A4 Chapter 2 


119. =—3y?+9y+21 121. —12a?-202+28 123. 12x°—-9x+12 125. 10x? — 20xy — 5y? 

1O7, —S8+6b=9 129 a-7 431. —lie +13 133. —47-4) 135) 216g 
169. a; 7b 141. 6x + 28 143 5x 3875 145. 4x -—4 147. (138% +168 149. b 151.6 20a y 
1535 “== Die 155.030 157. 2 3-40 159. a. Yes b. No 


CONCEPT REVIEW 2.3 


1. Never true 3. Never true 5. Always true 7. Never true 


SECTION 2.3 














4 29 
LW =2 Seger ge) 6. 28a Tecelqgaz) uid-.ax Sure Map SeeIre ee eee a5. 
iM Bot Mag = ese: = ( sy rosiawD = = wet gee (ods) tee7: 6 29. n +40 
eon Sakon as acne iO) 37. ie 30) ee 43.60 
dt ) j 9% . nn eee aie leas bs eat . 50 


45. n> + 3n 47. (n+3)+n° 49, n° — zn 51. 2n -7 53. n> —12n 55. n+ (n+ 10);2n + 10 


57. n— O— n)?2n —9 59. n-Sm——n (Gl, (Gi ar 2) se 4e i ar 1S: 63. 2(3n + 40); 6n + 80 


65. 7(5n); 35n 67. 17n + 2n;19n 69. n+12n;13n - ‘71. 3(n? + 4); 3n? + 12 73. = (16n + 4);12n + 3 


75a lo (n+ 9): nh a 7 Ti + 5;2n +5 79. 6(n + 8); 6n + 48 Sie) ae ee 
83. S (1 + 6n); 85. (8 + n°) + 2n?;3n? + 8 87. (n+ 12) + (n — 6);2n + 6 


30, (eae Oar ae = 20a — Al 91. 14.+ Gi—3)10; 10m 16 Oey, Jear Hela) 95205 Vie si 


99. 2p 101. sh =.8 103. 90.334 0.22. — 1), 70 1 oo 105 on andi@S — ween WT) 200— x 


CHAPTER REVIEW EXERCISES 


ei MODS 222.2) 2. ex “(Ovjs2.2.3) 3107 (Obj. 2.2.3) 4. —4x +8 (Obj. 2.2.4) Dee 
(bj. 2.2.5) 6. 16 (Obj. 2.1.1) 7.1 Oe (ObjR2-24) 83) 36y > (Obj 22.2.3) 9. 6y—18 (Obj. 2.2.4) 

fo or +21) , (Opi. 225) We Ora 1249) (Objn2 2 4) 1251. 5x (Obj 2-2-2) 13.0 22,5 (Opja2 de) 

no 24 (Obj. 2-23) a5. 15 = 350 (Obj 224) 16. 72" 33 (ODE.2 2) 17. The Commutative Property 
of Multiplication (Obj. 2.2.1) 18. 24 — 6x (Obj. 2.2.4) 19! 5 5y* = (Obj. 222.2) 206 HT 1A (Oby/2.2:5) 
DO Oy 21 (Obj 4232.4) 22 24 + ay, (Obj,.2.2.5) 23.4 6 Obj. 2.11) 24. 36y (Obj. 2.2.3) 

I. OX = eee (ODjx 2.2.0) 26. 2%. (Obj22.2.3) 27a. Oxo Qu (Obj.2.2.4) 28.6, (Obj. 2.1.1) 

9 eo 1(Obp2.2.5) 30 =5r => 2b (Obr22-2) 31.) 10x" Ibe — 30) (Ob 224) 

82, 59% — Tp (Obje2.2.2)) 333, 640(Obji2:2.3) 349174244 (Obj. 2.2.5) 35. GS 2xi= Sy | (Opi: 2.222) 

6. 0b. (Obj, 2.2.3) 372. 21 W(Obje2 2.1) 38.5 2x5 + 4x4 (Obj 2.22) 39, =672 (Obj. 22233) 

10, 15, ~ 27 (Obj.2.2.5) 41. —8a* + 3b* (Obj. 2.2.4) 42. The Multiplication Property of Zero (Obj. 2.2.1) 


3. b—7b (Obj.23.1) 44. n+ 2n? (Obj.2.3.2) © 45. 2 _3 (Obj. 2.3.2) 46. a (Obj. 2.3.1) 
ue 


17. 8| ;n (Obj.2.3.3) 48. 422+ 5n);8 + 20n (Obj. 2.3.3) 49. s +15 (Obj. 2.3.4) 
50. band20-—b (Obj. 2.3.4) 


A5 


Answers to Odd-Numbered Exercises 


CHAPTER TEST 





1. 36y (Obj. 2.2.3) 2. axe oy (Obj, 2.2.2) 3a 10M =) 64 (Obj322.5) be 4426 s(Obj, 2.1.1) 
5. The Multiplication Property of One (Obj. 2.2.1) 6. 4x —40 (Obj. 2.2.4) 7s = (Obj. 2.2.2) 
8. 4x (Obj. 2.2.3) 9. —24y* + 48 (Obj. 2.2.4) 10. 19 (Obj.2.2:1) Msn 64) (Objx2.Lal) 
12. —3x + 13y (Obj.2.25) 13. b (Obj. 2.2.2) 14. 78a (Obj.2.2.3) 15. 3x? — 15x +12 (Obj. 2.2.4) 
1650932 (Objs 241-1) tee) ce OV (Obj 220) 18. Ss (Obj. 2.3.1) 1D Gee (OD 2841) 
20. n?+11n (Obj.2.3.2) 21. 20(1 + 9);20n + 180 (Obj.2.3.3) 22. (n +2) + (n—3);2n-1 (Obj. 2.3.3) 
1 1 ; 
23. n—7(2n);5n (Obj.2.33) 24. 30d (Obj.23.4) 25. Land9-L (Obj. 2.3.4) 
CUMULATIVE REVIEW EXERCISES 
Pe Oo) 2 5 (Ob). 122) 3.24 (Ob 123) (4. =5 (Opi 124) 5:5 125, (Ob 130) 
3 : 
6. 5’ 0.60 (Obj. 1.3.2) Fae te) ee le (Oi. en) 8. 8% (Obj. 1.3.2) 3). : (Obj. 1.3.3) 
5 : 1 : 
IO Or, 134) 1 (Obj 134). 12. : (Obj.14.1) 13. -5 (Obj. 1.4.2) 14. = (Obj. 1.4.2) 
Pee (Obj 21h) er16.8 5x2 (Obj. 22.9), 17. —a— 12b> (Obj 22.2) 18. Bak (Obj.223) 
19. 20b (Obj.2.2.3) 20. 20-10x (Obj.2.2.4) 21. 6y—21 (Obj.2.2.4) 22. —6x? + 8y? (Obj. 2.2.4) 
23. —8y? + 20y +32 (Obj.2.24) 24. —10x +15 (Obj.2.2.5) 25. 5x—17 (Obj. 2.2.5) 
26. 13x -—16 (Obj.2.2.5) 27. 6x+29y (Obj.2.2.5) 28. 6-12 (Obj. 2.3.2) 
299. 54 -7)n—2 (Obj).23.3) 130. xs (Obj. 2.3.4) 





_ ANSWERS to Chapter 3 Odd-Numbere 


CONCEPT REVIEW 3.1 


1. Sometimes true 3. Always true 5. Always true 7. Always true 


SECTION 3.1 


S-4 CS 5. No 7. No Optics at, yes 13. Yes 15. No 17. No 19. No Zac ves 

23. No 25. No 2 BI 15 33. 6 35.0 ax0 Sia 3 39:1210 AV 2 4357, 
op. 7 ATS 12. 49, 2 Se ae} Dono Ota 57. 14 Be il Oil G3 ene : 

3 i # 5 1 

65. a 67. DD 69. io 71. 7 3 TE SOS 77. 0.884 Si 7 83. —7 

Soa —4 87. 5 Soe! OIE =e 93. 0 OS eek 97. 38 992 101. 12 103 wee lS 

105. —18 107. 6 109. —12 111. 3 113. —24 Sse) 117. : 119. = 121. 4 

123.5 3 125. 4.48 127.9 2.06 1295—= 21 133. 24% SS 137. 400 139! 

141. 25% 143. 5 145. 200% 147. 400 149. 7.7 1517-200 153. 400 5520) 

157. 80% 159. 250 seats are reserved for wheelchair accessibility. 

161. 140 more people voted for Robin Williams than for Jerry Seinfeld. 

163. 51% of a typical traveler’s vacation bill is paid in cash. 





A6é Chapter 4 


165. Astudent must answer 835% of the questions correctly in order to receive a B grade. 


167. 12% of the deaths were not attributed to motor vehicle accidents. 

169. There is insufficient information. 

171. A minimum of 67 votes are needed to override a veto. 

173. The price of the less expensive model is $1423.41. 

1755) e2ll Wa OT. ifs), PA 1815 9222 183. The cost of dinner was $45. 

185. The new value is two times the original value. 187. One possible answer is 5x = —10. 


CONCEPT REVIEW 3.2 


1. Always true 3. Never true 5. Never true 7. Always true 


SECTION 3.2 

Pctasen6 oS eli eet NO, —O 8 3 213. 3s, 1b: pais eo ee me eee 
1 
3 


23s : 25. ; ZT eel 29. - 31. ; 33. -; 30 37. -. 39 ee 41. 0 

43. : 45. -: 47. 18 49. 8 SiO 5S meeO 5D Sime 5916 61. : 
63. ; 65. = 67. -= 69,2 TASS Tool Oa: TOROS Tae. Si ld 
83. 0 8553 87. 8 89. 2 O12 TO 95.2 am 99 ae 101s 


He | G2 


2 
17 = 119. ~ 


103. 0 10552 Ui, = 109. 4 111. 10 113. 3 115. 7 


21S, 123-550 125. : 1273 1297) 14 131 3S eS 135. 4 Uey, 22 139 oe 


4 1 1 10 
141. 2 143 7, 145. 7 147. 3 149. aa 151. ra 153. =: 155.98 0:5 157. 1.0 
eR sal 161. The initial velocity is 8 ft/s. 163. The depth of the diver is 40 ft. 165. The car will slide 
168 ft. 167. The length of the humerus is approximately 31.8 in. 169. The passenger was driven 6 mi. 
171. He made 8 errors. 173. The population is approximately 51,000 people. 175. The break-even point is 
350 television sets. 179. No, the see-saw is not balanced. 181. A force of 25 lb must be applied to the other end of 
the lever. 183. The fulcrum must be placed 10 ft from the 128-pound acrobat. 185. No solution 187. oe 


4 
189. 62 191. One possible answer is 3x — 6 = 2x — 2. 


CONCEPT REVIEW 3.3 


1. Always true 3. Sometimes true 5. Never true 7. Always true 9. Sometimes true 


SECTION 3.3 
Ve bbb 3: Berea 


—5 =4"=3 =2)=1° 0 If 2°38 AS -5 -4-3 2-1 012 3 4 5 =5 4.53. =2 1° 0091 92. 3245 
Tee "3 9 n=3 
-5 -4-3 22-1 012 3 4 5 =§ —-4:-3 —2 -1 0 1 2.753 45 


VW. xS-4 ~+}++4+4++4++4+444- 13. x= -L ++++4+-—++ ++ + Le yaa? 17. .& <e12 


=5)-4 =3,=-2 -1 0 1,,2 3,4 5 =5 -4 =3'-2 = 0 1,2 3 4.5 


LO eto) DV eee tel 23 = el O) 25a =A 6 De Ke. 29: d<-2 31. n= 3 


Answers to Odd-Numbered Exercises A7 


5 5 
33. Zi B5aae ar 87a = — 12 39. x =0.70 41. x< -73 
43. x=-3 45. x>-—2 
-5 -4-3 2-1 0123 45 -5 -4-3 2-1 0123 4 5 
eX a0) 49. n=4 
-5 -4-3-2-1 0123 4 5 -5 -4-3 2-1 012 3 4 5 


Sl. x > 20 ++ 4+ HH 53. x<— BS. a0) 57. ee 59. ce 
= 5a ee oe Oe mar 40ns 3 2 3 


6a els 635 ee 16 65. y 26 67.) == —6 69. b= 33 71. n<= 73. x=-3 


5 27 3 
7). Y= 6 Hil ne 28 Toy = 53 Sian 05 SS Fry =i 0:3 She eS 42 ST 


93 9 eee) 93. x<4 Web se Ss Oa 99S 101. x <0 103. x < 20 


105. x > 500 WS 4e Se 10935 111. y<2 113. x<2 tS ie lal 117. n<— 
2 Ts 
119. x=6 121. XS5 1 Sat ul 125. n> 127 1295 rs} 131. {3,4,5} 
a3. aa l0, 11 12,13} 135.0 ++++++-+++ + ++ 137. 
-5 -4-3-2-1 0123 4 5 =5 =4 —3 =29-1" (0° "1-2 "3-4 5 

CHAPTER REVIEW EXERCISES 
1) Now(@bjnsd.1) 4. 21620).(Ob). 31:2) 8 3.2. (S78 (Obj)3.138) 8/4! ZS (Objpr8.2.1), S 4 ((Ob;.B'22) 

il 
6. —2 (Obj.323) 7. 405 (Obj.314) 8. 25 (Obj.3.14) 9. 67.5% (Obj. 3.1.4) 
10. ++++}++++++4+—- (Obj. 3.3.1) VW. x > 2 ++ +4+4+4+4++ +++ ++ (Obj. 3.3.1) 

-5 -4-3 -2-1 012 3 4 5 -5 -4-3 2-1 012 3 4 5 
12, x >-4 +++ +++ 4+ + + ++ (ODj. 3.3.2) 135 8x SP (Obj73.3'3) 14, -% = 4° (Obj73.3.3) 

-5 -4-3 -2-1 012 3 4 5 

15. Yes (Obj.3.11) 16. 25 (Obj.3.12) 17. —49 (Obj.313) 18. : (Obj.3.2.1) 19. 5 (Obj. 3.2.2) 


2 10) (Objs.23) 210 16> (Obj 3:14)" 227" 125 “(Oby-3.14) “23. 165% (Obj. 3.1.4) 
24. x<-4 +e}++4+4+4+4+4+4+4+- = (Obj. 3.3.1) 25. XS —-2 wee (Oj. 3.3.2) 


SPU ESTE Moe ep ty 34 os Bip eas height vr ea ee 
26 aie ee OD) 3-253) ih : (Obj. 3.1.2) 28 xe 20 iee(ODj 321.3) 29 ep Open Oj 3.21) 30. 0 (Obj. 3.2.3) 
31. =< 12 (Obj2333) 32. 15 (Obj. 3.1.4) 33.080) 7 Obj.13.2.1) 34) 5x > 5. (Obi 3.33) 

35. 4% (Obj. 3.1.4) 369) = — 18. (Obj.3.3.3) 3 , (Obj. 3.3.3) 38. The measure of the third angle 


is 110°. (Obj. 3.2.4) 39. A force of 24 lb must be applied to the other end of the lever. (Obj. 3.2.4) 
40. The width is 6 ft. (Obj.3.2.4) 41. The discount is $31.99. (Obj. 3.2.4) 

42. The number of bankruptcy filings increased 19% from 1996 to 1997. (Obj. 3.1.4) 

43. The depth is 80 ft. (Obj. 3.2.4) 44. The fulcrum is 3 ft from the 25 lb force. (Obj. 3.2.4) 

45. The length of the rectangle is 24 ft. (Obj. 3.2.4) 


CHAPTER TEST 
Teel2mn@bjs1e). 2. -; (Obj. 3.2.2) 3. —3 (Obj.3.2.1) 4. No (Obj.3.11) 5. : (Obj. 3.1.2) 


1 : ; 
6. -; (Obes) Mero Mi Ores 2) nea roaObi322) 2 29-5. (Obj.3.1.2) 10. —5 (Obj. 3.2.2) 
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; 12 ‘ 
11. -> (@bpr92k8) eet? -= (Obj. 3.2.3) 13. 2 (Obj. 3.23) 14. FF (Obj. 3.2.3) 


15. —3 (Obj.3.23) 16. 125% (Obj.3.1.4) 17. 40 (Obj.3.14) 9 18. +++ E+ ++ HHH +H — (OBj. 3.3.1) 


25) 4321 Oh 2 Sets 


19, xS 1 eee tS (Oj. 3.3.1) 20. x>—-2 ++ ee (Oj. 3.3.2) 


E5e423.-0 = 0 t 2) 3) 4a 5) 43) 2am 5 


21. x>5 (Obj. 3.3.1) 22. xe-5 (Obj.3.3.3) 23. x= —-16 (Obj.3.3.2) 24. x=2 (Obj. 3.3.3) 


2a 3) (ODin3.33)) 26. (x2= 2) (Obj: 3.3:3) 27. 4 (Obj. 3.2.2) 28. 24 (Obj. 3.1.4) 

29, x23 +++ +++4+4++6+++ (Obj. 3.3.2) 30. Yes (Obj. 3.1.1) 31. The astronaut would weigh 30 Ib 
=5°-4=3 =2%—1" 10F 1 23) <4) 5 

on the moon. (Obj. 3.1.4) 32. The final temperature of the water after mixing is 60°C. (Obj. 3.2.4) 33. The 

number of calculators produced was 200. (Obj. 3.2.4) 


CUMULATIVE REVIEW EXERCISES 

1.6 (Ob, 12). AS (Obj). 123) Ms: -2 (Obj.1.3.3) © 4. -2 (Obj. 13.4) — 5. 54 (Obj. 1.4.1) 
6. 24 (Obj.142) 7. 6 (Obj.211) 8 —17x (Obj.2.2.2) 9. —5a—2b (Obj. 2.2.2) 

10. 2x (Obj.2.2.3) 11. 36y (Obj.2.2.3) 12. 2x2+6x-4 (Obj.2.24) 13. —4x +14 (Obj. 2.2.5) 


14. 6x—34 (Obj.225) 15. {-7,-6,—5,—-4,-3,-2,-1} (Obj.1.1.1) 16. 875% (Obj. 1.3.2) 


17. 342 ((Obj. 13:2)... 18. 5 (Obj. 1.3.2) 19. Yes (Obj.3.1.1) 20. —5 (Obj. 3.1.2) 
24. —25 (Obj. 3.1.3) . 22.; 8.9(Obj.32.1), 023. (1-36 (@bj.3.22) x 24.13 (Obj. 3.28) 
25. x<-3 (Obj. 3.3.2) 26. x2=12 (Obj.3.3.3) 27. x>9 (Obj.3.3.3) 28. 8-—— (Obj. 2.3.2) 


iy 
29” ne He2); 20 + 2 (Objs 2.3.3) 30. band35—b (Obj. 2.3.4) 
31. The length of the shorter piece: s; the length of the longer piece is 4 in. less than three times the length of the shorter 
piece: 3s — 4 (Obj. 2.3.4) 32. 17% of the computer programmer’s salary is deducted for income tax. (Obj. 3.1.4) 
33. The equation predicts that the first 4-minute mile was run in 1952. (Obj. 3.2.4) 34. The final temperature of 
the water after mixing is 60°C. (Obj. 3.2.4) 35. A force of 24 Ib must be applied to the other end of the lever. 
(Obj. 3.2.4) 


















ANSWERS : to Chapter - Odd-Numbered Exercises 


CONCEPT REVIEW 4.1 


1. Always true 3. Always true 5. Never true 


SECTION 4.1 


tal — 3. 7h = —215n = —3 5. 3n— 4—=5-7 —3 7. AQ 3) — 12-70 

9. 12=6(n — 3);n=5 11. 22=6n—-2;n=4 135 40 21 So ta— —2 15. Sv 3'= 8 = 4: ni 4 
17. 2G — 25) = 31; n = —50 19. 3n = 2(20 — n); 8 and 12 21. 3n + 2(18 — n) = 44;8 and 10° 

23. The original value was $16,000. 25. The storage capacity is 2 gigabytes. 27. The intensity of the sound is 
140 decibels. 29. The amount of mulch is 15 lb. 31. The monthly payment is $117.75. 33. To replace the 
water pump, 5h of labor were required. 35. You are purchasing 9 tickets. 37. The length is 80 ft. The width is 

50 ft. 39. The union member worked 168 h during the month of March. 41. The customer used the service for 


Answers to Odd-Numbered Exercises AQ 


11 min. 43. The width is 3 ft. 45. One-third of the container is filled at 3:39 P.M. 47. The phone call lasted 
15 min. 49. There are 60 coins in the bank. 


CONCEPT REVIEW 4.2 


1. Always true 3. Always true 5. Never true 


SECTION 4.2 


3. The integers are 17, 18, and 19. 5. The integers are 26, 28, and 30. 7. The integers are 17, 19, and 21. 

9. The integers are 8 and 10. I. The integers are 7 and 9.) v9 13::eThe integers are/—9, =8,.and\ 57s | Wisse The 
integers are 10, 12, and 14. 17. Nosolution 21. There are 12 dimes and 15 quartersin the bank. 23. The 
executive bought eight 23¢ stamps and thirty-two 33¢ stamps. 25. There are five 29¢ stamps in the drawer. 

27. There are 28 quarters in the bank. 29. There are 20 one-dollar bills and 6 five-dollar bills in the cash box. 

31. There are 11 pennies in the bank. 33. There are twenty-seven 22¢ stamps in the collection. 35. There are 
thirteen 3¢ stamps, eighteen 7¢ stamps, and nine 12¢ stamps in the collection. 37. There are eighteen 6¢ stamps, six 8¢ 
stamps, and twenty-four 15¢ stamps. $9: The integers are’—12,-10,7-8/and =6: 41. There is $6.70 in the bank. 
43. For any three consecutive odd integers, the sum of the first and third integers is twice the second integer. 


CONCEPT REVIEW 4.3 


1. Always true 3. Always true 5. Never true 


SECTION 4.3 


1. The sides measure 50 ft, 50 ft, and 25 ft. 3. The length is 13 m. The width is 8 m. 5. The length is 40 ft. The 
width is 20 ft. 7. The sides measure 40 cm, 20 cm, and 50 cm. 9. The length is 130 ft. The width is 39 ft. 

11. The width is 12 ft. 13. Each side measures 12 in. 15. The complement of a 28° angle is 62°. 17. The 
supplement of a 73° angle is 107°. iy BEE Pal. AOP 238 DOs Dore 21 nl a 29. 18° 

31. 45° 33. 49° 35. 12° 37. Za = 122°; 2b = 58° 39. Za = 44°; 2b = 136° 41. 20° 43, 40° 

45. 128° 47, Lx = 160°, Zy = 145° 49. Za = 40°, 2b = 140° Bile) kan 53. The measure of the third 
angle is 45°. 55. The measure of the third angle is 73°. 57. The measure of the third angle is 43°. 

59. The angles measure 38°, 38°, and 104°. 61. The angles measure 60°, 30°, and 90°. 63. The length is 9 cm. The 
width is 4 cm. 


CONCEPT REVIEW 4.4. 


1. Always true 3. Never true 5. Always true 


SECTION 4.4 


3. The selling price is $56. 5. The price is $565.64. 7. The markup rate is 75%. 9. The markup rate is 44.4%. 
11. The markup rate is 60%. 13. The cost of the compact disc player is $120. 15. The cost of the basketball is 
$59. 17. The cost of the computer is $1750. 21. The sale price is $71.25. 23. The discount price is $218.50. 

25. The discount rate is 25%. 27. The discount rate is 23.2%. 29. The markdown rate is 38%. 31.) The 
regular price is $310. 33. The regular price is $300. 35. The regular price is $275. 37. The markup is $18. 

39. The markup rate is 40%. 41. The cost of the camera is $230. 43. The regular price is $80. 

45. No. The single discount that would give the same sale price is 28%. 
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CONCEPT REVIEW 4.5 


1. Alwaystrue 3. Always true 5. Never true 


SECTION 4.5 


1. $9000 was invested at 7%, and $6000 was invested at 6.5%. 3. $1500 was invested in the mutual fund. 

5. $200,000 was deposited at 10%, and $100,000 was deposited at 8.5%. 7. Teresa has $3000 invested in bonds that 
earn 8% annual simple interest. 9. She has $2500 invested at 11%. 11. $40,500 was invested at 8%, and $13,500 
was invested at 12%. 13. The total amount invested was $650,000. 15. The total amount invested was $500,000. 
17. The amount of the research consultant’s investment is $45,000. 19. The total annual interest received was $3040. 
21. The value of the investment in three years is $3831.87. 23a. By age 55, the couple should have $170,000 saved for 
retirement. 


CONCEPT REVIEW 4.6 


1. Always true 3. Always true 5. Never true 7. Always true 


SECTION 4.6 


3. The clinic should use 2 Ib of dog food and 3 lb of vitamin supplement. 5. The mixture costs $6.98 per pound. 

7. 56 oz of the $4.30 alloy and 144 oz of the $1.80 alloy were used. 9. You can add 1 lb of blueberries. 11. 10kg 
of hard candy must be mixed with the jelly beans. 13. To make the mixture, 3 lb of caramel are needed. 12 Lo 
make the mixture, 300 Ib of the $.80 meal are needed. 17. 37 |b of almonds and 63 lb of walnuts were used. 

19. The cost per pound is $.70. 21. The cost per ounce is $3. 25. The percent concentration is 24%. 

27. 20 gal of the 15% solution must be mixed with 5 gal of the 20% solution. 29. 30 lb of 25% wool yarn is used. 

31. 6.25 gal of the plant food that is 9% nitrogen are combined with the plant food that is 25% nitrogen. Gar ane 
percent concentration is 19%. 35. 30 oz of the potpourri that is 60% lavender are used. 37. To make the solution, 
100 ml of the 7% solution and 200 ml of the 4% solution are used. 39. 150 oz of pure chocolate are added. 

41. The percent concentration is 12%. 43. 1.2 oz of dried apricots must be added. 45. The cost is $3.65 per 
ounce. 47. 10 oz of water evaporated from the solution. 49. 75 g of pure water must be added. 

51. 85 adults and 35 children attended the performance. 


CONCEPT REVIEW 4.7 


1. Never true 3. Never true 5. Always true 


SECTION 4.7 


1. The speed of the first plane is 105 mph. The speed of the second plane is 130 mph. 3. They will be 3000 km apart 
at 11 A.M. 5. Michael’s boat will be alongside the tour boat in 2 h. 7. The airport is 120 mi from the corporate 
offices. 9. The sailboat traveled 36 mi in the first 3 h. 11. The passenger train is traveling at 50 mph. The freight 
train is traveling at 30 mph. 13. It takes the second ship 1 h to catch up to the first ship. 15. The two trains will 
pass each other in 4 h. 17. The average speed on the winding road was 34 mph. 19. The car overtakes the cyclist 
48 mi from the starting point. 21. The rate of the cyclist is 13 mph. 23. The rate of the car is 60 mph. 


25. The joggers will meet at 7:48 A.M. 27. The cyclist’s average speed is 135 mph. 


CONCEPT REVIEW 4.8 


1. Never true 3. Always true 5. Never true 
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SECTION 4.8 


1. The smallest integer is 2. 3. The amount of income tax to be paid is $3150 or more. 5. The organization must 
collect more than 440 Ib. 7. The student must score 78 or better. 9. The dollar amount in sales must be more than 
$5714. 11. The dollar amount the agent expects to sell is $20,000 or less. 13. A person must use this service for 
more than 60 min. 15. 8 ounces or less must be added. 17. The ski area is more than 38 mi away. 19: she 
maximum number of miles you can drive is 166. 21. The integers are 1, 3, and 5; or 3, 5, and 7. 

23. The crew can prepare 8 to 12 aircraft in this period of time. 25. The minimum number is 467 calendars. 


CHAPTER REVIEW EXERCISES 

Ve ODT a1) 2. The length of the shorter piece is 14 in. (Obj. 4.1.2) 3. The two numbers 
are 8 and 13. (Obj. 4.1.2) Be 2h On) (Obra. 1.1) 5. The discount rate is 335%. (Obj. 4.4.2) 
6. $8000 is invested at 6%, and $7000 is invested at 7%. (Obj. 4.5.1) 7. The angles measure 65°, 65°, and 50°. 





ianasaeeen eee 


RA 


(Obj. 4.3.3) 8. The rate of the motorcyclist is 45 mph. (Obj. 4.7.1) 9. The measures of the three angles are 16°, - 
82°, and 82°. (Obj. 4.3.3) 10. The markup rate is 80%. (Obj. 4.4.1) 11. The concentration of butterfat is 14%. s 





(Obj. 4.6.2) 12. The length is 80 ft. The width is 20 ft. (Obj. 4.3.1) 13. A minimum of 1150 copies can be ordered. 
(Obj. 4.6.1) 14. The regular price is $32. (Obj. 4.4.2) 15. 7 qt of cranberry juice and 3 qt of apple juice were used. 
(Obj. 4.6.1) 16. The cost is $12.27. (Obj. 4.4.1) 17. The two numbers are 6 and 30. (Obj. 4.1.2) 18. $5600 is 

deposited in the 12% account. (Obj. 4.5.1) 19. The cards are the 7 and 8 of hearts. (Obj. 4.2.1) 

20. One liter of pure water should be added. (Obj. 4.6.2) 21. The lowest score the student can receive is 72. 


(Obj. 4.8.1) 2 x — 10;6 (Obj. 4.1.1) 23. The height is 993 ft. (Obj. 4.1.2) 24. The measures of 


the three angles are 75°, 60°, and 45°. (Obj. 4.3.3) 25. There are 128 one-dollar bills. (Obj. 4.2.2) 26. The length 
of the longer piece is 7 ft. (Obj. 4.1.2) 27. The number of hours of consultation was 8. (Obj. 4.1.2) 28. There 
are 77 12¢ stamps and 37 17¢ stamps. (Obj. 4.2.2) 29. The cost is $671.25. (Obj. 4.4.1) 30. They will meet after 
4min. (Obj. 4.7.1) 31. The measures of the three sides are 8 in., 12 in., and 15 in. (Obj. 4.3.1) 32. The integers 
ae, lp-and —13. (Obj. 4.2.1) 33. The maximum width is 11 ft. (Obj. 4.8.1) 34. Za = 138°, Zb = 42° 
(Obj. 4.3.2) 


CHAPTER TEST 


Peon lo = on = n= —6 |) (Obj-4- 11) 2. of —19-=27,n= 14 (Obj. 4.151) 3. The numbers are 8 

and 10. (Obj. 4.1.2) 4. The lengths are 6 ft and 12 ft. (Obj. 4.1.2) 5. The cost is $200. (Obj. 4.4.1) 

6. The discount rate is 20%. (Obj. 4.4.2) 7. 20 gal of the 15% solution must be added. (Obj. 4.6.2) 

8. The length is 14m. The width is 5m. (Obj. 4.3.1) 9. The integers are 5,7,and 9. (Obj. 4.2.1) 

10. Five or more residents are in the nursing home. (Obj. 4.8.1) 11. $5000 is invested at 10%, and $2000 is invested 
at 15%. (Obj. 4.5.1) 12. 8 lb of the $7 coffee and 4 lb of the $4 coffee should be used. (Obj. 4.6.1) 13. The rate 
of the first plane is 225 mph. The rate of the second plane is 125 mph. (Obj. 4.7.1) 14. The measures of the three 
angles are 48°, 33°, and 99°. (Obj. 4.3.3) 15. There are 15 nickels and 35 quarters in the bank. (Obj. 4.2.2) 

16. The amounts to be deposited are $1400 at 6.75% and $1000 at 9.45%. (Obj. 4.5.1) 17. The minimum length is 
24 ft. (Obj. 4.8.1) 18. The sale price is $79.20. (Obj. 4.4.2) 


CUMULATIVE REVIEW EXERCISES 


i : 11 Z 
1. -12,-6 (Obj. 111) 2 6 (Obj 122) 3 -2 (Ob. 141) 4 -— (Obj. 142) 


5, -18 (Obj.11.2) 6 —24 (Obj.21.1) 7 9x+4y (Obj.2.2.2) 8. -12 + 8x + 20x? (Obj. 2.2.4) 
9. 4x+4 (Obj.2.2.5) 10. 6x? (Obj.2.2.2) 11. No (Obj.3.1.1) 12. -3 (Obj.3.2.1) 


135 9 15) (Obj. 3.123) 14. 3 (Obj. 3.2.1) 15. 105 (Objs3.2°5) 16. (Obj. 1.3.2) 


a|N 
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17 X24 ++ 4-+++4++++4+ 6+ = (ODj. 3.3.2) 18 = —32 (Obj, 3.3.2) 19. x2>18 (Ob;3) 


OAS 2 Onl 2S ano, 
20x = Am(Objv3.33) ©. 21. 235901 (OBjS.B:2)in | 225) dom (Obj.1L.3:2 mn 237 3 (Obi tons) 
24. 45 (Obj. 3.1.4) 25. nbne l= 47 = 23 (Obj24.iI) 26. The area of the garage is 600 ft”. (Obj. 4.1.2) 
27. The number of hours of labor is 5. (Obj. 4.1.2) 28. 20% of the libraries had the reference book. (Obj. 3.1.4) 
29. The amount of money deposited is $2000. (Obj. 4.5.1) 30. The markup rate is 75%. (Obj. 4.4.1) 31. 60¢ of 
the gold alloy must be used. (Obj. 4.6.1) 32. 30 0z of pure water must be added. (Obj. 4.6.2) 33. The measure 
of one of the equal angles is 47°. (Obj. 4.3.3) 34. The middle even integer is 14. (Obj. 4.2.1) 35. There are 7 
dimes in the bank. (Obj. 4.2.2) 





ERS to Chapter 5 Odd-Numbered Exercises 


CONCEPT REVIEW 5.1 


1. Always true 3. Never true 5. Never true 7. Always true 


SECTION 5.1 
97 A273), BAO, -yyyoe2 2) 









11. -A(—2, 5), BG, 4), C(O, 0), D(—3, =2) 13S a 24 be t=3 





15. pry en Ui 17. ; 19. 
a pete » a 
g 20 “2aoon 4 1000}: 
ez 16 ag ri g 
a ao 80}~ 2 800 |- 
ould ee S 
8 3 ux 2 60 = 600 
aoe o E © 
5 5 @ 40 = 400} 
a “Or E 
o 4 Ss a 
A SOS tee ee E20 3% 200}: 
ia iy : 
2 Ze pi ivy i 
Cerne RZD 0 20 40 60 80 100 0 
Offensi layer: : , 
ive players Length (in minutes) Number of bathrooms 


2ie lionit 23. 0 units 25. 1 unit 27. (0,0) 


CONCEPT REVIEW 5.2 
1. Never true 3. Always true 5. Never true 7. Never true 9. Always true 
SECTION 5.2 


Tey ae 3. m=2,b= 
17 (42) the 190k O, own. 21. 9-530) 


ING 11. Yes 13. No 155) (377) 
27h ae tea: 





Answers to Odd-Numbered Exercises A13 


53. y=-3x+10 55. 





59. y=Ex-2 61. y=-Sx+2 63 y=-axt+2 65 





69. 7123; 0) Op = 8) 





S1(1070)) 072) 83. (—4,0), (0, 12) 85. (0,0), (0,0) 87. (—6,0), (03) 





oi: 93. oa: y 
101. 103. 105. 
1a) = a 5 113. 1 unit 





CONCEPT REVIEW 5.3 


1. Alwaystrue 3. Nevertrue 5. Never true 








Al4 = Chapter 5 


SECTION 5.3 


1 =i | d2.ulndefined <15..0canlz oa u clomaleeeoieees 


1 1 
3a) 2. 5. 3 ; 3 : 5 3 


23. Undefined 25. —-= 27. m = 200,000,000. A slope of 200,000,000 means that sales of sunglasses have been 


increasing at a rate of 200,000,000 per year. 29. m= —64,600. A slope of —64,600 means that the population of 
London is decreasing at a rate of 64,600 people per year. 





43. 


51. Increasing the coefficient of x increases the slope. 53. Increasing the constant term increases the y-intercept. 
55. No, not all graphs of straight lines have a y-intercept. In general, vertical lines do not have a y-intercept. For example, 
x = 2 does not have a y-intercept. 


CONCEPT REVIEW 5.4 


1. Always true 3. Sometimes true 5. Always true 


SECTION 5.4 


* he sel EN a sete ae 
LS 2a 2 SY ial 5, y=3% We Ye 5 oa 5 11. YA aes, 
2 2 i 
13. Vere 5 Tah ee Via eee 19S = — 20 3 21. y= 3% 23. yr5xt2 
3 3 5) 4 
25. Vim mae DT Y= {eta 29. Vaart ant 31... Yesp y= Se 6 33. No 3am 


9 z 5 
S77 al 39. F=5C + 32 41. Wit 15% 5 


CONCEPT REVIEW 5.5 


1. Always true 3. Never true 5. Always true 7. Always true 


SECTION 5.5 


3. {(37, 44), (6, 3), (16, 16), (6, 13), (8, 15), (33, 20)}; no 5. {(197, 125), (205, 122), (257, 498), (226, 108), (205, 150)}; no 
7. {(55, 273), (65, 355), (75, 447), (85, 549)}; yes 9. Domain: {0, 2, 4, 6}; range: {0}; yes = Domain: {2}; 


range: {2, 4, 6, 8}; no 13. Domain: {0, 1, 2, 3}; range: {0, 1, 2, 3}; yes 15. (Domain: {=3, =2),=1, 1) 2 oF 
range: {—3, 2, 3, 4}; yes 17. 40; (10, 40) Deel lb(ES Oy oe 2112 2 12) D3 re 7 ; 

253) 27(=5,.2) DT ands (=A 532) 29. Range: {—19, —13, —7, —1, 5}; the ordered pairs (—5, —19), (—3, =13) 
(—1, —7), (1, -1), and (3, 5) belong to the function. m seh {1, 2, 3, 4, 5}; the ordered pairs (=A) eae), 


Answers to Odd-Numbered Exercises AI5 


(0, 3), (2, 4), and (4, 5) belong to the function. 33. Range: {6, 7, 15}; the ordered pairs (—3, 15), (—1, 7), (0, 6), 
(1, 7), and (3, 15) belong to the function. 35. 37. 39. 





41. 





51. 


57; a. f(x) = 30,000 — 5000x ~—ib»«j. c. The value of the computer after 1 year is $25,000. 


Se Ww 
SO Sa 
So ioe oS 
eo io So 
SSS) 





Value (in dollars) 


oO 


Years 


59. a. f(m) =0.18m + 50 b. c. The cost to drive this car 500 mi is $140. 


Ww 
S 
S 
aie) 


Cost (in dollars) 
s 8 
oO oO 





10} 200 400 600 800 
Miles 


CONCEPT REVIEW 5.6 


1. Never true 3. Always true 5. Always true 


SECTION 5.6 








Al6 Chapter 5 


CHAPTER REVIEW EXERCISES 


1. (3,0) (Obj.5.2.1) 2 y=3x-1 (Obj.5.4.1/54.2) 3. (Obj. 5.2.3) 











4. (Obj.5.1.1) 5. 79 (Obj.5.5.1) 6 0 (Obj.5.3.1) 7. (Obj. 5.2.2) 
8. (Obj. 5.2.3) 9 y=-fx+5 (Obj. 5.4.1/5.4.2) 10. (2,0), (0, -3) (Obj. 5.2.3) 
11. (Obj. 5.3.2) 12. (Obj. 5.5.2) 13. y=ixt3 (Obj. 5.4.1/5.4.2) 





14. 2 (Obj. 5.3.1) 15% =4 WObj!55.9) 16. Domain: {—20, —10, 0, 10}; range: {-10, —5, 0,5}; yes (Obj. 5.5.1) 











17. (Obj.5.2.2) 18. (Obj. 5.3.2) 19. (Obj. 5.1.1) 

20. (Obj.5.5.2) 21. 6,0),(0,—4) (Obj. 5.23) 22 y=2x+2 (Obj.5.4.1/5.42) 

23. (Obj.5.6.1) 25. -2 (Obj.5.3.1) 26. y=Fx+2 
(Obj. 5.4.1/5.4.2) 

27, (Obj.5.3.2) 28, (Obj.5.2.3) 29. (-2,-5) (Obj. 5.21) 





30. y= —3x+2 (Obj. 5.4.1/5.4.2) (Obj. 5.5.2) 32. 0 (Obj. 5.5.1) 


Answers to Odd-Numbered Exercises A17 


‘ ; J 
33. Undefined (Obj.5.3.1) 34. y=5x—2 (Obj.541/542) 35. Yes (Obj.5.21) 36. (2,-1) 


(Obj. 5.2.1) 37. (0,0); (0,0) (Obj. 5.2.3) 38. y=3 (Obj.5.4.1/5.4.2) 39. (Obj. 5.6.1) 








Za 


40. Obj. 5.2.3) 


(Obj.5.3.2) 41. y=3x-4 (Obj.5.41/5.4.2) 42. 





43. Domain: {—10, —5, 5}; range {—5, 0}; no (Obj. 5.5.1) a4, Range: |=93, 23, 7,37, 67} (Obj..5.5.1) 
45. Range: {2,3, 4,5, 6} (Obj. 5.5.1) 46. VE dae ee. PA (Obj. 5.1.2) 






Number of stores 


Qi 254) a6) 85 1OLHad 


Revenue (in billions of dollars) 





47. = y (Obj. 5.1.2) 48. {(25, 4.8), (35, 3.5), (40, 2.1), (20, 5.5), (45, 1.0)}; yes 
t 4 aes ve (Obj. 5.5.1) 
Ee 
ofa 
ae es yl. 
$32 
BS ayeeny or Cea. 
oe [=| b ? é x A P XG 
S 60 80 100 120 
Number of volunteers 
(in ten thousands) 
49. a. f(s) = 70s + 40,000 b. eee c. The contractor’s cost to build a house of 1500 ft? is 
Eee Fs 
55 Ales $145,000. (Obj. 5.5.2) 
5% 3 
=o) 





Square feet 
(in thousands) 


50. The slope is 58.5. The number of heart surgeries performed is increasing at a rate of 58.5 per year. (Obj. 5.3.1) 


CHAPTER TEST 


1 y= 3x (Oj.5.41/542) 2 7 (O.531) 3 (8,0); (0, -12) (bj. 523) 4. 9,13) (0b). 5.21) 
(Obj.5.23) 6. (Obj. 5.2.2) 7. 10 (Obj5.5.1) 8. No (Objp.5.24) 

















Al8& Chapter 5 


(Obj. 5.1.1) 


(Obj. 5.3.2) 10. (Obj. 5.6.1) 11. 





Ds ; 
12; (Obj. 5.3.2) 13. 0 (Obj.5.3.1) 14 y=-Zxt+7 (Obj. 5.4.1/5.4.2) 





15. y=4x—7 (Obj.5.4.1/5.4.2) 16. 13 (Obj.5.5.1) 17. (Obj. 5.2.2) 






18. (Obj.5.6.1) 19. (Obj. 5.2.3) 20. (Obj. 5.3.2) 





21. (Obj. 5.5.2) 22. (Obj. 5.5.2) 23. 25 (Obj. 5.5.1) 





24. Domain: {8}; range: {0, 2,4, 8};no (Obj. 5.5.1) 2. y= ex —3 (Obj. 54.1/5.4.2) 
260 2270) We 26) (Obi) .5:1) DL (Obj. 5.1.2) 28. a. f(t) = 8 + 1000 


SS 





Damage 
(in thousands of dollars) 


OZ S456) 
Distance (in miles) 


c. The cost to manufacture 340 toasters is $3720. (Obj. 5.5.2) 





0 100 200 300 400 500 
Toasters manufactured 


29. {(8.5, 64), (9.4, 68), (10.1, 76), (11.4, 87), (12.0, 92)}; yes (Obj.5.5.1) 30. The slope is 36. The cost of lumber 
has been increasing by $36 per month. (Obj. 5.3.1) 


Cost (in dollars) 


CUMULATIVE REVIEW EXERCISES 


. 
112, (Obj. 142) 2. 2) (Ob). 21) 8 Fe (Ob eee ; (Obj. 3.2.1) sae 


1 
(Obj. 3.2.3) 6. 5 (Obj. 1.3.2) Te” AVA25 3, Ap) 0/7 oy) (OD) alata) 8, £075) (Ope 1.120) 


4 
9. a= =1 (Obj.333) 10. y=zx=3 (Obj.5.23) ~ 11, (—2)—=7) (Obj ae mao Obese) 


Answers to Odd-Numbered Exercises A119 


13. (4,0);(0,10) (Obj.5.23) 14. y=—x+5 (Obj.541/542) 15. 9 (Obj. 5.2.2) 


16. 


(Obitos) = Paz 4 renibat (Ob).05. 5.2) PAF 18: (Obj. 5.6.1) 








19. Domain: {0, 1, 2, 3, 4}; range: {0, 1, 2, 3, 4}; yes (Obj. 5.5.1) 205— — 11 (Oby.5:5.1) Die e/a OO OPES) 
(Obj.-5.5.1) 22. Z7and17 (Obj. 4.1.2) 23. The fulcrum is 7 ft from the 80-pound force. (Obj. 3.2.4) 
24. The length of the first side is 22 ft. (Obj. 4.3.1) 25. The sale price is $62.30. (Obj. 4.4.2) 





CONCEPT REVIEW 6.1 


1. Always true 3. Sometimes true 5. Sometimes true 


SECTION 6.1 


3. Yes 5. Yes 7. No 9. No 11. No 13. Yes 15. Yes 19. (4,1) 21. (4,1) 
23. (4,3) 255 (©, 2) Dee Oe) 29. The system of equations is inconsistent and has no solution. 
31. The system of equations is dependent. The solutions are the ordered pairs that satisfy the equation y = 2x — 2. 
33. (,—4) 35. (0,0) 37. The system of equations is inconsistent and has no solution. 39. (0, —2) 
AML, (Gl, = 1) Ae (20) ais, (=3, =2) 47. The system of equations is inconsistent and has no solution. 
Os i Bley ny 53. a. Always true b. Never true c. Always true 

Y= er 4 Pa 2 


CONCEPT REVIEW 6.2 


1. Always true 3. Never true 5. Never true 


SECTION 6.2 
i @Y a (4) (el, il) 7a Opell) 9. (1,1) i, (=i, 0) 13. The system of equations is 


inconsistent and has no solution. 15. The system of equations is inconsistent and has no solution. 
a3 9 6 9 13 
D7. oo Nesees Aaa, 98 Malar PIE (= 7-223) 23! < (1 1) 25. (C10)S 7s i lee e298 ( a 3) 
Wy 6 31 
Siew, 7) 33. .Ul.7) 35. \s, 42) 37. (-4, 21) Soa) 41. (0,0) 43. The system of 
‘ : AD) 1 
equations is dependent. The solutions are the ordered pairs that satisfy the equation 3x + y = 4. 45. (2, ae 


Ome it 23 
SG Deen G17 8). (-2,8) Bae) 2) eeerao! (-2.2) 57, (6, —2)/1)59. (1,7) 


61. 2 63. 2 





me 
ps 
Rees 
Si 
3 





A20 Chapter 6 


CONCEPT REVIEW 6.3 


1. Alwaystrue 3. Never true 5. Never true 


SECTION 6.3 


1. (6, =1) Bes) 5. (1,1) 7, (3, —2) 9. The system of equations is dependent. The solutions are 
the ordered pairs that satisfy the equation 2x — y = 1. 1137) 13. The system of equations is inconsistent 


13-24 32 9 
and has no solution. 15. TL -¥) iy, (2,0) 19. (0,0) 21. (5, —2) 23. i975 bis, (8,2) 
27. (1,-1) 29. The system of equations is dependent. The solutions are the ordered pairs that satisfy the 
1 1 Dal 7 1 
equation x + 3y = 4. 31. (3,1) 33. (-1,2) 35. (1,1) B75 5” -}) 39. 3/9 41. 55 -4) 


3 
43. (5,2) 45. (1,4) 47. (1,2) 49. A=3,B=-1 51. A=2 BS: eden Kee b. k#= 


2 
«. k#4 


CONCEPT REVIEW 6.4 


1. Always true 3. Never true 5. Never true 


SECTION 6.4 


1. The speed of the whale in calm water is 35 mph. The rate of the current is 5 mph. 3. The team’s rowing rate in 
calm water was 14 km/h. The rate of the current was 6 km/h. 5. The rate of the boat in calm water was 7 mph. The 
rate of the current was 3 mph. 7. The speed of the jet in calm air was 525 mph. The rate of the wind was 35 mph. 

9. The rate of the plane in calm air was 100 mph. The rate of the wind was 20 mph. 11. The speed of the helicopter 
in calm air was 225 mph. The rate of the wind was 45 mph. 13. The cost is $245. 15. The cost of the wheat is 
$.65 per pound. The cost of the rye is $.70 per pound. 17. The daytime rate is $7 per hour. The nighttime rate is 

$9 per hour. 19. The team scored 21 two-point baskets and 15 three-point baskets. 21. There are 8 nickels and 
10 quarters in the first bank. 23. There are 8 dimes and 10 quarters in the bank. 25. The two angles measure 55° 
and 125°. 27. $6000 was invested in the 9% account, and $4000 was invested in the 8% account. 29. There are 

0 dimes and 5 nickels, or 1 dime and 3 nickels, or 2 dimes and 1 nickel in the bank. 


CHAPTER REVIEW EXERCISES 


do (= 11), (Obj-6.2.1) 2. (2, 3) (Objn6.1)), . 3. (53,1). (Ob 63.1). SA, Om Objno.2. 0) 5.= (171) 
(Obj. 6.1.1) 6. (0-5) (Obj6.3:1) Va 06,2) (Obj,62:1) 8. The system of equations is dependent. The 
solutions are the ordered pairs that satisfy the equation 8x — y = 25. (Obj. 6.3.1) 9. @Br=1) (Objx63,1) 
103) e(Ovji 6:10)" 11 (—2—7) KObj.6:3:1) 12. (4,0) (Obj. 6.2.1) 13. Yes. (Obj:6:1.1) 


Sie ; : : 
14, 865 (Obj. 6.3.1) 152 (S17 = 2) = Ovj.6:3:1) 162.6; —3) (Obj, 6121) 17. The system of equations 


is inconsistent and has no solution. (Obj. 6.3.1) 18. (-4, | (Obj. 6.2.1) 19. The system of equations is 


dependent. The solutions are the ordered pairs that satisfy the equation y = 2x — 4. (Obj. 6.1.1) 20. The system of 
equations is dependent. The solutions are the ordered pairs that satisfy the equation 3x + y = —2. (Obj. 6.3.1) 

21 (27-13) (Ob; 6.3.1) 22. The system of equations is dependent. The solutions are the ordered pairs that satisfy 
the equation 4x + 3y = 12. (Obj. 6.2.1) 23. (4,2) (Obj. 6.1.1) 24. The system of equations is inconsistent and 


5 F 1 

has no solution. (Obj. 6.3.1) 25. (3, —1} \(Obj26.2.1) 26. No (Obj. 6.1.1) 27. =, -- (Obj. 6.3.1) 
28. The system of equations is inconsistent and has no solution. (Obj. 6.2.1) 29. (3, 6) (Obj. 6.2.1) 30. The 
system of equations is inconsistent and has no solution. (Obj. 6.1.1) 31.) (0; 1) “Obj. 6:34) S2.ea eo) 


Answers to Odd-Numbered Exercises A2I1 


(Obj. 6.2.1) 355 (07-2) (Objr6:2.1) 34. (2,0) (Obj. 6.3.1) oo (a4, 2) (Obj, 6.3.1) 36; (1; 6) 

(Obj. 6.2.1) 37. The rate of the plane in calm air is 180 mph. The rate of the wind is 20 mph. (Obj. 6.4.1) 

38. There were 60 adults’ tickets and 140 children’s tickets sold. (Obj. 6.4.2) 39. The rate of the canoeist in calm 
water was 8 mph. The rate of the current was 2 mph. (Obj. 6.4.1) 40. There were 130 mailings requiring 33¢ in 
postage. (Obj. 6.4.2) 41. The rate of the boat in calm water was 14 km/h. The rate of the current was 2 km/h. 

(Obj. 6.4.1) 42. The customer purchased 4 compact discs at $15 each and 6 at $10 each. (Obj. 6.4.2) 43. The rate 
of the plane in calm air was 125 km/h. The rate of the wind was 15 km/h. (Obj. 6.4.1) 44, The rate of the paddle 
boat in calm water was 3 mph. The rate of the current was 1 mph. (Obj. 6.4.1) 45. There are 350 bushels of lentils 
and 200 bushels of corn in the silo. (Obj. 6.4.2) | 46. The rate of the plane in calm air was 105 mph. The rate of the 
wind was 15 mph. (Obj. 6.4.1) 47. There are 4 dimes in the coin purse. (Obj. 6.4.2) | 48. The rate of the plane in 
calm air was 325 mph. The rate of the wind was 25 mph. (Obj. 6.4.1) 49. The investor bought 1300 of the $6 shares 
and 200 of the $25 shares. (Obj. 6.4.2) 50. The rate of the sculling team in calm water was 9 mph. The rate of the 
current was 3 mph. (Obj. 6.4.1) 


CHAPTER TEST 

17 (3,1) (Obj.6.2.1) 2.02, 1) (Obj263:1) 3. Yes (Obj. 6.1.1) a. (171) ® (Obj. 6.2:1) (3, -1) 
(Obj. 6.3.1) 6; 1(= 2,6) (Obj. 6-121) 7. The system of equations is inconsistent and has no solution. (Obj. 6.2.1) 
Sane, 12 (Obj: 6.2.1) Opal) (Obj6:3:1) 10. =, a (Obj. 6.2.1) 1 (2) (Ob62) 


12. No (Obj. 6.1.1) 13.1 (2; 1)is.(Obj. 6.2:1) 14. (2) =2) 2(@b):.6:3.0) 152- (27,0) *(Obj, 6,1:1) 16. (4,1) 
(Obj. 6.2.1) 7 ale 2) © (Obj26.3.1) 18. The system of equations is dependent. The solutions are the ordered 
pairs that satisfy the equation 3x + 6y = 2. (Obj. 6.1.1) 19; 445 1) (Ob js6:2.1) 20° (45-3) (Objs6:3.4) 

2 (6, 1) (Obj26:2.1) 22 yas) (Oy, 6.5.1) 23. The rate of the plane in calm air is 100 mph. The rate of the 
wind is 20 mph. (Obj. 6.4.1) 24. The rate of the boat in calm water is 14 mph. The rate of the current is 2 mph. 

(Obj. 6.4.1) 25. There are 40 dimes and 30 nickels in the first bank. (Obj. 6.4.2) 


CUMULATIVE REVIEW EXERCISES 
1. -8,-4 (Ob. 111) 2 {1,2,3,4,5,6,7,8,9,10} (Obj.111) 3. 10 (Obj.142) 4. 400-28 
(Obj. 2.2.5) 5 5 (Obj.211) 6 -3 (Obj.313) 7. =! (Ob) 328) a= Oba) 


p 9 
9. x<-5 (Obj.333) 10. x<3 (Obj. 333) 1. 24% (Obj.3.14) 12. 4,0), 0,-2) (Oj. 5.23) 
3 , 
13. —2 (0.53.1) WM y= Fx (Obj541/542) 15» (Obj. 5.2.3) 





16. (Obj. 5.2.2) 17. (Obj. 5.6.1) 18. (Obj. 5.5.2) 





19. Domain: {—5, 0, 1,5}; range: {5}; yes (Obj. 5.5.1) 20813 Ov. ODL) 21. Yes (Obj. 6.1.1) 

De Gee) a Ob) .,.6.2.1) 23. (0,2) (Obj.6.1.1) 24 (2,1) (Obj.6.3.1) 25. {—22, —12, —2, 8, 18} (Obj. 5.5.1) 
26. 200 cameras were produced during the month. (Obj. 3.2.4) 27. $3750 should be invested at 9.6%, and $5000 
should be invested at 7.2%. (Obj. 4.5.1) 28. The rate of the plane is 160 mph. The rate of the wind is 30 mph. 

(Obj. 6.4.1) 29, The rate of the boat in calm water is 10 mph. (Obj. 6.4.1) 30. There are 40 dimes in the first 


bank. (Obj. 6.4.2) 
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CONCEPT REVIEW 7.1 


1. Always true 3. Never true 5. Always true 


SECTION 7.1 


1. Binomial’ "3." Monomiial 055 Now 97. Yes) 9.- Yes) PST 27 hBx 818987 

15, Bx 20 AZ, ea 92x? Soe 61 19)! 24% 13g? "11a 200" 21. bey) Leaner ee 
25. 3a°— 3a +17 27. Sx? +10x*—x-4 29. BP +27? -—11r4+7 Bl. —2x8 Bk 10x Hd 

53. Ax 35. 3y>=4y-2 37. -7x—-7 39. 40° 43x? 43x41 41. Y= + by —6 

a3. —y — Ixy 45. 2x? Bx 1 47, = Fa +2 49. Ge —2 “Bis 4 — oy dy 

53. -—a?-1 55. —4x7+6x+3 57. 4x7-6x4+3 

59. Yes. For example, (3x° — 2x? + 3x — 4) — (8x3 + 4x? — 6x + 5) = —6x? + 9x - 9 


CONCEPT REVIEW 7.2 


1. Never true 3. Always true 5. Never true 


SECTION 7.2 


Boo Oe le TET Gg RYO gaye eh TI Pon 0, 1308 gy IO AG ee Gee ie xyes AOS abe 
Zl. ab 23. -6a'b! 25. Ady zo a7, = Dene Sig9  aairaet OP Btn Pop nk aautigy ee oer 
S708 39 AL AB ab, ae? AT, 8x? 49 BI ey ae 

55. Ok 57, xy 59. ab® 61. 16x? 68. =18x°y* 65. —Sab 67. 54a eG ae 
71, 328 73. Bab? 75, 13x°y? "77. 27a? 79. —Sx’'y 81. a 83. a Se Tne 

87. False;x*°=x'° 89. No; 2°” is larger. (2°)? = 8? = 64, whereas 2° = 29 = 512. 91. x = y when nis odd. 


CONCEPT REVIEW 7.3 


1. Always true 3. Sometimes true 5. Always true 7. Sometimes true 


SECTION 7.3 


Eiachis 2x8 VS dant =7ore tha8 sa Bah l6a Te Shxt eA liners 7 ie owe eae 

BS. 46x? 126 Nh AS. xvi: xy? 2, 17, Deh 03x44 9012 19, N2a BGA, a, ye eae ee 

23. —6y" = 12y° + 14y° 25. =2a° = 6a? +. 8a 275) “6y* = 3y? + Oye ts 29. iy aa ee 

31. x°+4x?+5x4+2 33. a> — 6a? + 13a — 12 35. — 2b° + 7b* + 19b — 20 37. —6x* + 31x? — 41x + 10 
39. t= de — 3x7 + 14x — 8 9 At Sy Toy? — 70y 4116)  Agmeea = 0p? 1632 467 = 8 

45 y tay ty oy 2 47 x Ag 3) 40,| adeg — 1D eT: yo — Sy "24° 53, yy Od 
55. 2x? + 15x +7 57. 3x2. + 11x — 4 59:; Ax? = Bix e121 61. 3y* — 2y — 16 63. 9x* + 54x + 77 
65. 21a’— 83a + 80 67. 15b?+47b-—78 69. 202+ 7ab+3b? 71, 602+ ab — 202 

73. 2x* — 3xy — 2y? 75. 10x? + 29xy + 21y? 77. «6a? — 25ab + 14b? —«-79.-29? — 11h — 63h? 

81. 100a* — 100ab + 21h 83. 15x? + 56xy + 48y? 85. 14x? — 97xy — 60y? 87. 56x? — 61xy EMBs 

89. y — 25 91, 4x? —'9 93. ix? 4x + 1 OB” Og? 2 a0, Bon oy ercnt eG 99. 4a? + 4ab + b? 
101. x*—4xy+4y? 103. 16-9y? 105. 25x? + 20xy + 4y? 107. The area is (10x? — 35x) ft2. 

109. The area is (18x? + 12x + 2) in?. 111. The area is (4x* + 4x + 1) km?. 113. The area is (4x? + 10x) m2. 
115. The area is (7x? + 8ax + 167) cm?. 117. The area is (90x + 2025) ft?. 119. 4ab 

121, 9a" — 240° + 28a? — 16a+4 123. 24x3- 3x? 125, x 4x" 9 107, x42" 41 ~~ 9, ne ad 
131. x*-1 133. x°-1 135. 1024 137. 12x? —x — 20 139. 7x? — 11x = '8 


CONCEPT REVIEW 7.4. 


1. Never true 3. Always true 


SECTION 7.4 








5. Never true 
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Answers to Odd-Numbered Exercises 


7. Never true 














1 1 2 
ee ee tl) yh 3 AB ape 7 19 Be? as 
2 1 Re 
Pee ne 3 5a 37 9A 
x Pa y a Bx 
2 ye 2 a 1 Vecz p° BAO 8 
ee a POT ie P51. Oe, 1188S Be) Ae b5. (M7. Bly, Be DTC 
& a aus: 10y’ 2 ie E ‘suly - 10° 
ee Oo wa MOD ee + BON ISM, TUES O73 SE TSE po eel mee7e 10 
83. 4.510% 85. 3.09 - 10° 87. 6.01-107 89. 710,000 91. 0.000043 93. 671,000,000 
95. 0.00000713 D7 gel Oe 10" 99. 5.98 - 10™ 101. 67 105" 103.01 1 0n~ 1055 6165510 
1073.22.10 109. 3.6: 10° Tie ee tO! Tl Soap 1b 2a Wily, Siar 2 
119. 4b?-3 2 eee 123.0 =X 2 25 oan oe ok al 129 eX Vai 
Hote 3y re 5 E33SGOX 26 : S50 Oke) a : 137. 4a —5 + 6b 139 S09x Oteatoy 
2s 2 
141. x+2 143. 2x+1 145. 2x-—4 Cs ee eee 149 2 
ee I Shee 
Sse sy oe 57 oe 
Soe Tay ee ED cea, by +3 x er 
e e = 2 Cae 3 
159) 25a — 645 es 160 3x = 5 NGS eeCane eat 165. x 3 167. 6A 
FOR Po rer 4345 Ii. 0.0025 134 ayyelBe a ated aA O 
169. For 4r97 2,4. Por 2%: 4,2,1,5,7- ces eect Gigs : : 
1 
181. False; (Qa)? = = 183. False;(2+ 3)? =57¢= ; 185. 3a? 187. 4x*-— 6x +3 
CHAPTER REVIEW EXERCISES 
2 Aye a (Obje7. Die 28a — 20x74” Ob). 724) 2) 1B. = 8x" a1 4as + 18H s (Obj) 7.3.1) 
4, 10a? + 3la—63 (Obj.7.3.3) 5. 6x2-7x+10 (Obj.743) 6. 2x7+3x—8 (bj.7.1.2) 
7. 729 (Obj.7.2.2) 8 x2 —6x2+7x—2 (Obj.7.3.2) 9. a? -49 (Obj. 7.34) 10. 1296 (Obj. 7.4.1) 
HW. x-6 (Ob.744) 12. 2x9 +9x?—3x-12 (Obj. 7.11) 13. 180° (Obj. 7.2.1) 
14. 3x4y — 2x°y + 12x’y (Obj. 7.3.1) 15. 8b? = 2-15 (Obj. 7.3.3) 16. —4y + 8 (Obj. 7.4.3) 
17. 13y?—12y2—5y—1 (Obj.7.1.2) 18. 64 (Obj.7.2.2) 19. by? + 17y? — 2y — 21 (Obj. 7.3.2) 
6,2 ; 
20. 462-81 (Obj.7.3.4) 21. << (Obj. 7.4.1) 22. 2y-9 (Obj.7.4.4) 23. 3.97- 10° (Obj. 7.4.2) 
24, xty*x4 (Obj.7.2.1) 25. —12y + 4y* — 18y? (Obj.7.3.1) 26. 18x? — 48x + 24 (Obj. 7.3.3) 
27. 0.000623 (Obj.7.4.2) 28 —7a2—a+4 (Obj.7.1.2) 29. 9x4y® (Obj. 7.2.2) 
4,,6 
30. 12a? — 842-92 +6 (Obj.7.3.3) 31. 25y?— 70y+ 49 (Obj.7.34) 32. = (Obj. 7-41) 
33. Ma 5 (Obj. 7.4.4) 34. 240,000 (Obj. 7.4.2) 35. \a°b''c? (Obj: 7.2.1) 
x 
36. 81°b? — 4a°h! + Gab® (Obj.7.3.1) 37. 6x? —Zxy — 20y? (Obj.7.3.3) 38, 464+ 12b?—1 (Obj. 7.43) 
39. —4b? — 13b + 28 (Obj. 7.1.2) 40. 100a"b?— (Obj. 7.2.2) Al. 120° —4b* — 6b? —.8b? +5 (Obj..7.3.2) 
2y? : 3 
42, 36 — 25x? (Obj.7:3.4) 43. (Obj. 7.4.1) 44. a? — 20 + 6 (Oj.7.4.4) 45. 46° — 5U°— 9b +7 
(Obj. 7.1.1) 46. —54a®b°c’? (Obj. 7.2.1) a7.2. —18x* = 27x? 2 63x* 2(Obj.'7.3.1) 48. 30y* = 109y + 30 
(Obj. 73.3) 49. 9.176: 10% (Obj. 7.4.2) 50. —2y? + y—5 (Obj. 7.1.2) SI. 144xty’*2'® (Obj. 7.2.2) 
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2 , 
52, =12x°— Wie es ok | (Objia7eo2) 53. 64a* + 16a +1 (Obj. 7.3.4) 54. a (Obj. 7.4.1) 


55. 0 bb 2 ~3 (Obj. 7.4.4) 56. The area is (20x? — 35x) m*. (Obj. 7.3.5) 57. The area is 
5x7 =Er40xe2116)in-s (Obj: 7.38.5) 58. The area is (9x” — 4) ft. (Obj. 7.3.5) 59. The area is 
(ax? = 124% + 36m) cm’. (Obj. 7.3.5) 60. The area is (15x? — 28x — 32) mi. (Obj. 7.3.5) 


CHAPTER TEST 


doy oe ox a (Obj) 7.11) 2 S40" 8x" Bx? — 14x 21 (Ob 7.322) 3. 4x? = 6x (Obj a-o)) 


4. —8a°b? (Obj.7.2.2). 5. —4x° (Obj.7.4.1) 6. = (Obj.7.4.1) 7 —5a2+ 3a? - 4a +3 (Obj. 7.1.2) 





(Obj. 7.4.4) 


2 
Sx “ae + Sal— M0b> (Obj: 7.33) 9: Ane 2x° +O 2(Obj.74.3)45 10-G 2x 493 + 


1. —6x*y® (Obj.7.2.1) 12. 6y! — Sy? + 18y? (Obj.7.3.1) 13. = (Obj. 7.4.1) 14. 4x? — 20x + 25 


4 
(Obj. 7.3.4) 15. 10x? — 43xy + 28y? (Obj. 7.3.3) 16. x°-7x2+17x-—15 (Obj.7.3.2) 17. ® (Obj. 7.4.1) 
18. 29-10 (Obj.7.4.2) 19. 16y2—9 (Obj.7.3.4) 20. 3y?+ 2y?—10y (Obj. 7.1.2) 21. 9a°b! 


(Obj. 7.2.2) 22. 10a? — 39a? + 200 — 21 (Obj.7.3.2) 23. 962 + 12b+4 (Obj.7.3.4) 24. a 
zl 


(Obj. 740) 25. 48+ (Obj.744) 26. 09h? (Obj.72.1) 27. at ab 12" (Ob; 738) 


28. 0.000000035 (Obj. 7.4.2) 29. The area is (4x7 + 12x + 9)m*. (Obj. 7.3.5) 30. The area is 
(axe 10 mx 42 2527) in*. ~ (Obj..7.3.5) 





CUMULATIVE REVIEW EXERCISES 


1. a (Obj.1.3.3) 2. = (Obj. 1.4.1) 3. 
6-2 (Obj.211) 7. —x— 4xy (Obj. 22.2) 8 12x (Obj.2.23) 9. —22x + 20 (Obj. 2.2.5) 

10. 8 (Obj. 224) 11. 18 (Obj.3.13) 12. 16 (Obj.322) 13. 12 (Obj.323) 14 80 (Obj. 3.22) 
15. 24% (Obj.3.14) 16. x=-3 (Obj.333) 17%. -2 (Obj.531) 18 y=-Sx-5 


5 2 
(Obj. 5.4.1/5.4.2) 19. (Obji5.2.3) ~220, (LES mf (Obj, 5:6a1) 


Ons 


(Obj. 1.4.2) 4. 87 (Obj.1.1.2) 5. 0.775 (Obj. 1.3.1) 





2. Domain:{=8, —6,—4 .—2}; range: {—7,—5, =2,,0}; yes (Obj, 55.1) 22. =2 AObj- 55.1) 
23. (4, t) S(Obj-6.251) 24. (1,—4) (Obj. 6.3.1) 25% SU; =" 70> Bp 0 = (@bic7. te) 
26, 156 = 2260 1 ixt=4: (Obj-7322) 27. 20b* — 47b + 24° (Obj. 7.3.3) 28. 25b* + 30b +9 (Obj. 7.3.4) 
bt 1 ; 
23. 4, (Obj. 74.1)" 30.) 5yc- 4 > , (Obj. 7.4.3) 31. a—7 (Obj. 7.4.4) 32. ey (Obj. 7.4.1) 
x 
BB 419, 17720, 25))) (Obp55.1) 34.5571 =112)) Sn —"60% (Obj7236.3) 35. 81 —-2n =18;n=3 (Obj. 4.1.1) 
36. The length is 15 m. The width is 6m. (Obj. 4.3.1) 37. The selling price is $43.20. (Obj. 4.4.1) . 
38. The concentration of orange juice is 28%. (Obj. 4.6.2) 39. The car overtakes the cyclist 25 mi from the 
starting point. (Obj. 4.7.1) 40. The area is (9x? + 12x + 4) ft, (Obj. 7.3.5) 
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TE SiWaee to Clana 5 Gad NUMbecd ERcLcioes 


CONCEPT REVIEW 8.1 


1. Always true 3. Always true 5. Never true 7. Never true 


SECTION 8.1 


Bee See sre ze OSI7a° Ll WAGE 21S Barbe 15. ab Nh A720 ET 19.10 3x We. 7 Ge Ly 
23. 8(2 — a’) pley, Ale a Sy) ieee O (Sau lh) 29) 'x(72 = 38) 31. a*(3 + 5a°) 33. y(l4y + 11) 

35. 2x(x° — 2) 37. 2x?(5x? — 6) 39. xy) 41. 2a°b + 3xy? 43. 6b7(a’b — 2) 45. 2abc(3a + 2b) 
87. (920 0b?) 49. 6x°y°(1 — 2x°y?*) 51k! x(x? = 3x = 1) 53. 2(x* + 4x — 6) 55. b(b? — 5b — 7) 

57. 4(2y27-3y+8) 59. 5y(y7-4y+2) 61. 3y%(y?-3y-—2) 63. 3y(y>-3y+8) 65. a%(6a° — 3a — 2) 
G7 (6y— 4y°+ 1) 69. xy" (4x? — Bxy + 1) 71. (a + b)(x + 2) 73. (b + 2)(x — y) 75. (x — 2)(a—5) 
Aes (if) (0 == 3) Tea) (a 4 2) 81. (x + 4)(x? + 3) 83. (y + 2)(2y* + 3) 85. (a+ 3)(b — 2) 

87. (a — 2)(x? — 3) 89. (a — b)(3x — 2y) 91. (x — 3)(x + 4a) 93:02 15) = 32) 95. (7x + 2y)(3x — 7) 
97. (2r + a)(a — 1) 99. (4x + 3y)(x — 4) 101, Oy B)(Sxy 2.3) 103. a. (x + 3)(2x +5) 

Bb. QCx + 5)(x + 3) 105. a. (a — b)(2a — 3b) b. (2a — 3b)(a — b) 107. 28 109. P doubles 


CONCEPT REVIEW 8.2 


1. Never true 3. Always true 5. Never true 


SECTION 8.2 


1. @ + 1) 2) 3. (x + 1)(x — 2) 5. (a+ 4)(@ — 3) i, C= War 2) 9. (a+ 2)(a — 1) 

11. (6—3)(b — 3) 13. (© + 8) — 1) 15a al) (y =) 17, Gy 2) (Y 93) 19. (2-—5)@-— 9) 

21. (+ 8)(z — 20) 23. “(pia 3)(p + 9) 25. (x + 10)(x + 10) 27. (b+ 4)(b + 5) 29. (x + 3)(x — 14) 
31. (6 + 4)(b — 5) 335 8(y-+ 3)(y = 17) B5N (ps) =7) 37. Nonfactorable over the integers 

39. (x — 5)(x« — 15) 41. (x — 7)(x — 8) 43. (x + 8) —7) 45. (a+ 3)(a — 24) 47. (a@—3)@— 12) 
49. (z+ 8)(z — 17) 51. (c + 9)(c — 10) 53. 2(x + 1)(x« + 2) 55. 3(a + 3)(a — 2) 57; ab + 5)(6= 3) 
59. Vex(y ="2)(y.=-3) 61. zz — 3)(z — 4) 6334 2)(y¥ =3) 65. 3(x + 4)(x — 3) 67. 5+ 4)@— 7) 
69. 2a(a + 8)(a — 4) TAS 2y Ge =93y) 73. (a — 4b)(@ — 5b) 75. (x + 4y)(x — 7y) 

77. Nonfactorable over the integers 79. 27(2@— 5) — 7) 81. b7(b — 10)(b — 12) 83. 2y7(y-B)(y- — 16) 
85. x2(x + 8)(x — 1) 8A Aye 7)(e = 2) 89. 8(y — 1)(y — 3) 91. c(c + 3)(c + 10) 93. 3x(x — 3)(x — 9) 
95. (x — 3y)(x — 5y) 97. (a — 6b)(a — 7b) 99. (y + z)(y + 7z) 101. Sy 21) at) 

103. 3x(x + 4)(x — 3) 105. 42(z + 11)(z — 3) 107. ¢€+4(e@+5) 109. a(b — 5)(b — 9) 

111. 36,12, —12, —36 1135 220 10R— 2 115. 3,4 pO One 11922 


CONCEPT REVIEW 8.3 


1. Never true 3. Sometimes true 5. Always true 


SECTION 8.3 


De (opt (20 1) 3 wet oe pL) 5. (a@—1)(2a — 1) 7. (b— 5)@b —- 1) ON (Xcess) (2X come) 
11. (x — 3)(2x + 1) 13. Nonfactorable over the integers 15. Qt — 1)GE — 4) 17. (x + 4)(8x + 1) 
19. (b — 4)(3b — 4) 21.° (z — 14)(2z + 1) 23. (p + 8)Gp — 2) 25. (2x — 3)(3x — 4) 

O7. (b + 7)(Sba— 2) 29. (2a — 3)(3a + 8) 31. (3t + 1)(6t — 5) 33. (3a + 7)(5a — 3) 
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35. (2y—5)(4y—3) 37. (22+3)(4z—5) 39 (x+5)Gx—1) 41. (Bx + 4)(4x + 3) 

43. Nonfactorable over the integers 45. (xity)Gx— 2y) 47, (44+. z)(7 —2) 49. (1—x)(8 + x) 

51. 3(x + 5)(3x — 4) 53. 4(2x — 3)(3x —.2) 55. a*(5a + 2)(7a — 1) 57. 5(b — 7)(3b — 2) 

59. 2x(x + 1)(x + 1) 61. 2y(y — 4)(5y — 2) 63. yz(z + 2)(4z — 3) 65. b7(4b + 5)(5b + 4) 

67. xyx+2)3x+2) 6% (f+2)2t-5) 71. (p—5)GBp-1) 73. (By -14y-1) 

75. Nonfactorable over the integers 77. (3y + 1)(4y + 5) 79. (a+ 7)(7a — 2) 81. (z + 2)(4z + 3) 
83. (2p +5)(1lp—2) 85 (y+1)(8y+9) 87. (2b-3)Gb-2) 89. (3b+5)(11b — 7) 

91. (Gy — 4)(6y — 5) 93. Nonfactorable over the integers 955 (27 — 5) (Oz — 2) 97. (6z + 5)(6z + 7) 
99. (2y — 3)(7y — 4) 101. (x + 6)(6x — 1) 103. 3(x + 3)(4x — 1) 105. 10(y + 1)(3y — 2) 

ity, gale te 1l\@se = 5) 109. (a — 3b)(2a — 3b) 111. (y + z)(2y + 5z) 1133. G+ YUs— x) 

115. 4(9y+1)0y-1) 117. 8¢+4)2t-3) 119. pipt+1)Gp+1) 121, 3(2z—5)(6z— 2) 

123. 3a(2a + 3)(7a — 3) 125. 93> Sy) Gx — 5y) 127. xy(3x — 4y)(3x — 4y) 129. 2y(y — 3)(4y — 1) 
131. ab(a + 4)(a — 6) 133. 5t(3 + 2£)(4 — £) 135. ° Git 3)Qy + D) 187. (2x —"WGe 7) 

13 9 tee! 1a ote) a 1435 ley 145. (x + 2)(x — 3) — 1) 


CONCEPT REVIEW 8.4 


1. Never true 3. Sometimes true 5. Always true 7. Never true 


SECTION 8.4 


3. (x + 2)(x — 2) 5. (a+ 9)\(a — 9) 7. (2x + 1)(2x — 1) Oe (ya te 11. @-1) 13. Nonfactorable 
over the integers 15. (x? + 3)(x? — 3) 17. (5x + 1)(5x — 1) 19. (1 + 7x)(1 — 7x) 2 ee a 

23. “2a 1" 25. (8a — 1)* 27. Nonfactorable over the integers 29 (x ae) 

31. (3x + 4y)(3x — 4y) 33. (4b + 1)° 35. (2b +7) 37. (5a + 3b)" 39.. (Gy + 2)@y —2) 

41. (4+ xy)(4 — xy) 430 (29. — 92)" 45. (3ab — 1)? 47. (m? + 16)(m + 4)(m — 4) 49. (x + 1)(9x + 4) 
Ste) a) 53. 2(x + 3)(x — 3) 55. x(x + 7)(x — 5) 57. 5(b + 3)(b + 12) 

59. Nonfactorable over the integers 61 2y Ga 11) G33) 63. x(x? — 6x — 5) 654} 34g — 12) 

67. (2a + 1)(10a + 1) 695 ye(e-b = 8) YAK XG ar (a) 1 = Bia) 73. 25 +x)6 — x) 

75. ab(3a — b)(4a + b) 77. 2x —1)(a+ b) 79. 3a(2a — 1) 81. 3(81 + a’) 83. 2a(2a — 5)(3a — 4) 

85. (x — 2)(x + 1)(x — 1) 87. a(2a + 5) 89. 3b(3a — 1) 91. 6(4 + x)(2 — x) 93. (x + 2)(x — 2)(a + b) 
95. x(a y)oe—y) 97. 2a(3a + 2)° 99. b(2 — 3a)(1 + 2a) 101. (x —5)(2+x)(2 — x) 103. 8x(3y + 1)? 
105. Gene) Ca) 107. y(y + 3)(y — 3) 109.-+ 29297(0 <ti8l) ees 1) V1. x(x? + 1)(x + 1)(x — 1) 

113% 22y(x— Dax 5) of Deykxtyi2x 5) (I7ni@ = 2442) 119. pe Gwe — 3a 

121. 2ab(2a — 3b)(9a — 2b) M23 oxc5y" (He 3x) (Gist 45) 125: (423i yy) Gey) 

127. De tay) Sy2— gy) 129°— IDA 12. See elt 19339 135 .el 137s 94 1393953 

141. (x + 2)(x? — 2x + 4) 143. (y — 3)(y? + 3y + 9) 145. (y + 4)(y* — 4y + 16) 147. (2x — 1)(4x? + 2x + 1) 


CONCEPT REVIEW 8.5 


1. Always true 3. Always true 5. Never true 


SECTION 8.5 


Sy S372 See Leon OTR OES is Oee= 13. 0,5 152) OR 2 19. i - 
1 : 
2A BA ZOnmeOn a9 Ds pee 1 DT 3) —4 29 75S, Sik (07 33:00 ay 4 355 223 
1 1 
37 > —4 39s 37 4 AN On AS ae. dey lly =2 AOS AO AT Sto 


1 
535, 8, —5 55. 1,3 Bete |e) Soe 61. 5 —4 63. The number is 6. 65. The numbers 





Answers to Odd-Numbered Exercises A27 


are 2 and 4. 67. The integers are 4 and 5. 69. The integers are 15 and 16. 71. The base is 18 ft. The height 
is 6 ft. 73. The length is 18 ft. The width is 8 ft. 75. The length of a side of the original square is 4 m. 
77. The radius of the original circle is 3.81 in. 79. The dimensions are 4 in. by 7 in. 81. The object will hit the 


ground 10 s later. 83. 12 consecutive natural numbers beginning with 1 will give a sum of 78. 85. There are 
8 teams in the league. 87. The ball will be 64 ft above the ground 2 s after it hits home plate. 89. -5, =3 


iOS 9351049 05 One 97. 48 o0r3 99. The length is 10 cm. The width is 7 cm. 


CHAPTER REVIEW EXERCISES 


1. 7y°(2y6 — 7y2 +1) (Obj.8.11) 2 @-4)Ba+b) (Obj.81.2) 3 (+2)(c+6) (Obj. 8.2.1) 
4. a(a—2)(a—3) (Obj.8.2.2) 5. (2x —7)(3x—4) (Obj.8.3.1/83.2) 6. (y+ 6)(3y—2) (Obj. 8.3.1/8.3.2) 
7. (3a + 2)(6a—5) (Obj. 8.3.1/8.3.2) 8. (ab+1)(ab—1) (Obj.841) 9% 4(y—2) (Obj. 8.4.2) 


10. 0,-3 (Obj. 8.5.1) 11. 3ab(4a +b) (Obj.8.1.1) 12. (6 — 3)(b- 10) (Obj. 8.2.1) 


iota) Ox 4227) (Obj.8.1:2) 6414. 34 +2) —7)— (Obj. 822) 15. n*(n 1) — 3). (Obj.822) 

16. Nonfactorable over the integers (Obj. 8.3.1/8.3.2) Vi Ox = Vax 72). (Obi 8.3:17 8.02) 

18. Nonfactorable over the integers (Obj. 8.4.1) 19. 2,5 (Obj. 8.5.1) 20. 7(x + 1)(x —1) (Obj. 8.4.2) 

21. (3x2 - 9x — 4) (Obj.8.1.1) 22. (x—3)(4x +5) (bj.81.2) 23. @+7)(a—2) (Obj. 8.2.1) 
io 4) (Oo. 824) 4-25, B(x = 12) +2). (Objs6e2:2)ae., 264-377 (Obj.8.5:1) 

Pie a+ Da + 3) (Obj. 8.3.1/8.3.2) 28. (x + 20)(4% +3)—(Obj. 8.3.1/83.2) 29. (By? + 5z)Gy>— 52) 
(Obj.8.4.1) 30. 5x + 2x-3) (Obj.8.22) 31. -5,5 (Obj. 85.1) 32. 2h(2b — 7)(3W — 4) (Obj. 8.3.1/8.3.2) 
Sea ele 7) (Obppbia) 34 (x—2e— 21) (bj.82.1) 35. Bd+2)@—7) (Obj-8.12) 

36. (2x — 5)(4x —9) (Obj. 8.3.1/8.3.2) 37. 10x(a—4)(a—9) (Obj.8.2.2) 38. (@— 12)(2a + 5) 

(Obj. 8.3.1/8.3.2) 39. (3a — 5b)(7x + 2y) (Obj.8.1.2) 40. (a® + 10)(a* — 10) (Obj. 8.4.1) 

41. (44+ 1) (Obj.84.1) 42. o —7 (Obj.8.5.1) 43. 10(a + 4)(2a—7) (Obj. 8.3.1/8.3.2) 

44, 6(x—3) (Obj.8.1.1) 45. x*y(Bx?+2x+6) (Obj.8.1.1) 46. G—5)(d +8) (Obj. 8.2.1) 

tee et — y(ox — 5). (Obj. 8.1.2) 48. 4Ax(x + 1)(x — 6) (Obj. 8.2.2) 49. —2,10 (Obj. 8.5.1) 

50. (x. — .5)(3x —.2)__ (Obj. 8.3.1/8.3.2) 51. (2x — 11)(8x.=3) (Obj. 8.3.1/8.3.2) 52. (3x — 5)? (Obj..8.4.1) 

53. (2y + 3)(6y—1) (Obj. 8.3.1/8.3.2) 54, 3(x + 6)? (Obj. 8.4.2) 55. The length is 100 yd. The width is 

50 yd. (Obj. 8.5.2) 56. The length is 100 yd. The width is 60 yd. (Obj. 8.5.2) | 57. The two integers are 4 and 5. 
(Obj. 8.5.2) 58. The distance is 20 ft. (Obj. 8.5.2) 59. The width of the larger rectangle is 15 ft. (Obj. 8.5.2) 

60. The length of a side of the original square was 20 ft. (Obj. 8.5.2) 


CHAPTER TEST 

1. 3y%(2x? + 3x +4) (Obj.81.1) 2 2x(Bx?- 4x +5) (Obj.811) 3. (p+ 2)\(—p+3) (Obj. 8.21) 

4, (x—2)a@—b) (Obj. 8.1.2) 5, >, =? B(Oj8.D.1) 6. (a —3)(a— 16) (Obj. 8.2.1) Te GiveteD)(o—3) 
: 1 1 3 

(Obj. 8.2.2) 8. 4(x + 4)(2x — 3) (Obj. 8.3.1/8.3.2) 9. (b + 6)(a — 3) (Obj. 8.1.2) 10, 5,75 (Obj. 8.5.1) 

1. (2x + 1)(3x + 8) (Obj. 8.3.1/8.3.2) 12) Geo) — 12) a (Obj. S24) 13. 2(b + 4)(b — 4) (Obj. 8.4.2) 

14. (2a — 3b)’ (Obj. 8.4.1) 15, 4p + Iie — 1)! (Obj. 8.12) 16. 5x? — 9% — 3) (Obj. 851) 

17. Nonfactorable over the integers. (Obj. 8.3.1/8.3.2) 18. (2x + 7y)(2x — 7y) (Obj. 8.4.1) 19. 3, 5 

(Obj. 8.5.1) 20. (p+ 6) (Obj. 8.4.1) 21. 2(3x - 4y)’ (Obj. 8.4.2) 22. 2y*(y + i)(y — 8) (Obj. 8.2.2) 

23. The length is 15 cm. The width is 6 cm. (Obj. 8.5.2) 24. The length of the base is 12 in. (Obj. 8.5.2) 

25. The two integers are —13 and -12. (Obj. 8.5.2) 
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CUMULATIVE REVIEW EXERCISES 
1 585 (Obj 1.22) 2a Ole (OE 13.4) 3. 4 (Obj. 1.4.2) a) =J7 (Obj. AT} 5. The Associative 
De , 
Property of Addition (Obj. 2.2.1) 65 18x?) (Obj22:28) 7h = 6K 24) (Obj 2.255) 8. 3 (Obj. 3.1.3) 
92 3) s(Odjs32.3) 10. : (Obj. 3.2.2) 17.. See (Obj. 5.23) 12. 35 (Obj. 3.1.4) 13.64 '—3 (ODP 33.3) 


14. x<3 (Obj. 3.3.3) 15. (Obj.5.2.2) 16. (Obj. 5.5.2) 





17. .Uomaine|-0, =o, =\,1,0), range (—4, 2, 0 2 4Ap yes -(Obj.9.0.1) 18. 61 (Obj. 5.5.1) 
19. (Obj. 5.6.1) 20). 25-5) (Obj76.2.1) 21. ).(1p2)) (Objre3. 0) 





22. Ba oys ee By TIO) (Obj-7akit) + (23.26—-2747bR (Obj. 72.2) gh yi24. a? —K8x" — Grr SaNObjS7 32) 
25. ar + 8+ = 5 (0bj.744) 26. (0.741) 27, (@- HB—x) (Obj.8.1.2) 
28. (x + 5y)(x —2y) (Obj.8.2.2) 29. 2a(3a + 2)(a + 3) (Obj.8.3.1/8.3.2) 30. (5a + 6b)(5a — 6b) (Obj. 8.4.1) 


4 
31. 3(2x — 3y)? (Obj. 8.4.2) ODF 3’ = (OD .o.5.) SOs et hy aaa, Oh (ODE OedeN) 34. The average 
daily high temperature was —3°C. (Obj. 1.2.5) 35. The length is 15 cm. The width is 6 cm. (Obj. 4.3.1) 

36. The pieces measure 4 ft and 6 ft. (Obj. 4.1.2) 37. The maximum distance you can drive a Company A car 

is 359 mi. (Obj. 4.8.1) 38. $6500 must be invested at an annual simple interest rate of 11%. (Obj. 4.5.1) 

39. The discount rate is 40%. (Obj. 4.4.2) 40. The three integers are 10,12, and 14. (Obj. 4.2.1) 








VERS to Chapter 9 Odd-Numbered Exercises _ 


CONCEPT REVIEW 9.1 


1. Always true 3. Never true 5. Always true 7. Never true 


SECTION 9.1 
























































3 Al D 8 a 2 ae can 
aa 7p 5 = 5 = fe ae —— ea : eS 
= Ti ee oe ee ee 
x+4 Ket 2 Dir aa) anh 2 8xy*ab 2 2 
23. De 5 SSS aa a 5 SS = ze 
x- 3 x +5 24 x+3 2 2x +3 $i 3xy — 3 oe 9 g% x 
y(x + 4) x(x — 7) : y x +3 x= 5 ae 25 
39. 41. 43, == 45 47, ——— s = a 
sd(oe ae i) y' (x= 4) x x+1 CometenO. 4? CSO ah (x + 1)(2x + 1) 
eS x +2 Dig = 5 ox 2xy7ab? 5 (aE) 
5S sas 55. : ; * ad a —_— 
x — 12 x+4 2x - 1 a 2x + 3 S 9 #5 12 Oates Or x(x + 1) 
) 4 ct + 
mW 222 ge es, A go ee ee Poe ee!) 
a, y Cat o> 6 Deal (2x — 1)(4x + 5) 
87, =6,1 89 -1)1 91 3,-2 93. 33° 95 == 2) "57 meioge mmm eee! 
Cian) 3b 9 y* 
(03 ee 


(x — 4)(x + 4) 


CONCEPT REVIEW 9.2 


1. Alwaystrue 3. Nevertrue 5. Always true 


SECTION 9.2 
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Answers to Odd-Numbered Exercises 









































Ae ee SeeoOye RB. Bx +12) 7. 6x7 (x #24) 9. 40x7(x-17? 11. 4(x- 3) 
13. (2x — 1)(2x + 1)(x + 4) 15. (x — 7)*(x + 2) 17. (x + 4)(x - 3) 19. (x + 5)(x — 2)(x + 7) 
21. (x — 7) —-3)(« —5) 23. (4 + 2)(4 +5) = 5) aly, (Ce = Wee = DyGe sh i) 
27. (2x —5i(x—2ix+3) 29. (x+3\e-5) 31 @+6(x-3) 33, %;3 sey SY 
xe a Wye" Wy" 
37. VO Cano 9X5 OX 10 oa = 5 oo Be 10 
x?(x — 3)’ x2(x — 3) x(x — 1)?’ x(x — 1)° x(x — 3)’ x(x — 3) (x — 5)?’ (x — 5) 
45 SH Aa 8 Ren OLB eee 49 3 x? —' x 
x(x + 2)" x2(x + 2) (x + 3)(x — 4)’ (x + 3)(x — 4) («+ 2)(x — 1)’ (x + 2)(x — 1) 
51 5 pk Bk 2 53 x? = 3x ; 2x? — 4x LB ee 
(2x — 5)(x — 2)’ (2x — 5)(x — 2) ~ (x + 3)(x — 3)(x — 2)’ (x + 3)(x — 3)(x — 2) (x — 3)*(x + 3)’ 

x? + 2x —3 Bx2+ 12x x? Be 3 igs eh p= 
(x — 3)°(x + 3) (x — 5)(x + 4)’ (x—5)\(x +4’ (&—5\(x +4 10-2 10" enh y-l’y-1 
eee el a ee 67 2b : a> + ab x-2 ; x+2 

(x — 1)’ (« — 1)?’ (x - 1) ~ 8(a + b)(a — b)’ 8(a + b)(a — b) Cot ye + 2 2) eye a) 

CONCEPT REVIEW 9.3 
1. Never true 3. Never true 5. Always true 
SECTION 9.3 

uh Zi 8x Diet. Diino SO tec 1 il 
- ve x+4 2. 2x +3 i: Pas) x+9 Den]. et x+5 i: y= 

3 1 4y + 5x 19 5 19x - 12 52y — 35x 
La cee a ei ee ee 
US eee i x + 90 ete tae Dette 0 Syaeo atte 

oe 15x oO 5a 45x S° 2x? ee 4x? a 3y x+4 

Ax + 7, —3x? + 16x + 2 Mae ee l6xy —12y + 6x7 + 3x SAY = OV 1 
ns. a comes oe eee 

Ox + 2 2(x + 23) 2x? — 5x +1 4x? — 34x + 5 24 —5 
ee ._ > a re 65. 
a (~ — 2)(x + 3) 2 (x — 7) + 3) et (Ge 4 AG: = 63) Cx — 1@ — 6) aw 
67 4x +9 —-x+9 14 —2(x + 7) 75 x—-2 er+xt+4 
* (x + 3)(x — 3) (x + 2)(x -— 3) (x — 5)? (x + 6)(x — 7) © De (x — 2)(x + I(x -— 1) 
a Dealt b?>+b-—7 4n 3(x? + 8x + 25) 
Lace! ees ee el 
2. x-6 ar x-1 a ee b+4 (n — 1) (x — 3)(x + 7) 
x—x+2 2 3 4 50 100 1000 6 if D 8 

saa ee ee 97 109: — 

oe (x + 5)(x + 1) 2 BAe ore > lie Olea OON q Vanes mn mn? 


CONCEPT REVIEW 9.4 


1. Sometimes true 3. Never true 5. Always true 














A30 Chapter 9 


SECTION 9.4 









































oa 2 Viiano 2 (2% alS) 3 Lee. x+2 tan ayer 2 
= aa Sa nS : 13, °° 15. i er 
Bes eee y—4 ~ | sb 5k 36 ae eee x+3 x+5 foetal 
1 ere eae OU aa Le Lee OG a 
= a : : 29. 31. 33:fs tea 
te) an al aS xaS as t= 8 a 2y+1 Wie ar xa 4 
el Sogienl Dpgtam lel 5 1 ab y+4 
: SS ; ae 43. he 45. 47. 
oe bye —= 8} a7 2(5x% = 2) Ab — 21 3 (aaa b+a Xp = 2) 


CONCEPT REVIEW 9.5 


1. Always true 3. Always true 5. Sometimes true 7. Always true 


SECTION 9.5 


3. L SSMer © 97 ; 9. °S  4i- Nesokition a) (3.9084 Wels, -3,4 17.3 #19 -1 21 4 


25. 9 27. 36 ZOD LON eats. 3: se S ee Soa alo 37. 4 39. 20,000 people voted in favor of 

the amendment. 41. The office building requires 140 air vents. 43. For 2c of boiling water, 6 c of sugar are 
required. 45. There are about 800 fish in the lake. 47. 14 vials are required to treat 175 people. 49. Yes, the 
shipment will be accepted. 51. The distance between the two cities is 750 mi. 53. For an annual yield of 

1320 bushels, 10 additional acres must be planted. 55. The recommended area of a window is 40 ft?. 57. To serve 
70 people, 2 additional gallons are necessary. 59. There are 160 ml of carbonated water in 280 ml of soft drink. 

61. The measure of side DE is 12.8 in. 63. The height of triangle DEF is 4.7 ft. 65. The perimeter of triangle 
ABC is 18 m. 67. The area of triangle ABC is 48 cm’. 69. The length of BC is 15 m. 71. The length of QO is 
10 ft. 73. The perimeter of triangle OPQ is 12 m. 75. The height of the flagpole is 14.375 ft. Tema 


79. 0, -= Si oranGE 4 83. The first person’s share of the winnings was $1.25 million. 85. The cost 
would be $18.40. 


CONCEPT REVIEW 9.6 


1. Always true 3. Always true 5. Always true 


SECTION 9.6 


_ 2A Ee ees P= 2W 2A — hb, SV 
1 Deere 3 Beets: 5 ea) 7 L= > 9, b= i 11. Hear 13. S=C-—Rt 
A ore = 
15. P= w= IG), fi as ane bie Sin c. 4in 2iapal cee 








eee 17. = eae . igs | . i : . iS . . s 
b. 20% c. 30% 


CONCEPT REVIEW 9.7 


1. Never true 3. Always true 5. Never true 


SECTION 9.7 


1. It will take 2 h to fill the fountain with both sprinklers operating. 3. It would take 3 h to remove the earth. 

5. It would take the computers 30 h. 7. It would take 24 min to cool the room 5°F. 9. It would take the 
second welder 15 h. 11. It would take the second pipeline 90 min to fill the tank. 13. It would take 3h to 
harvest the field using only the older reaper. 15. It will take the second technician 3 h. 17. It would take the 


Answers to Odd-Numbered Exercises A31 


: 2 
small unit 14, h. 19. It would have taken one of the welders 40 h. 21. The camper hiked at a rate of 5 mph. 


23. The rate of the jet was 360 mph. 25. The rate of the boat for the first 15 mi was 7.5 mph. 27. The family can 
travel 21.6 mi down the river. 29. The technician traveled at a rate of 20 mph through the congested traffic. 

31. The rate of the river’s current was 5 mph. 33. The rate of the freight train was 30 mph. The rate of the express 
train was 50 mph. 35. The rate of the car is 48 mph. 37. The rate of the jet stream was 50 mph. 39. The rate 


; 1 
of the current is 5 mph. 41. It would take 15 h to fill the tank. 43. The amount of time spent traveling by canoe 
was 2h. 45. The bus usually travels at a rate of 60 mph. 
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by? : 22471 ; 3 ; oe : 
A Gq? (OB}.9:1.2) 2 Gey (0.932) 3 x= —Fy +3 (0b}.961) 4 FS Obj.9.1.) 
pe Teo de.s 6 =" pom) 7. 720% (b-021) | s. —“— (onoan) 9. 
SEs eae em j. 9.4. ee fae eas fae crea 
10 : ae : x Be : Vee 5 A, 
fox? (Ob. 9.2.2) 10. (Obj. 911). (0.9.13) 12. BF (0.932) 13. 
(Obj. 9.1.2) 14. ne (Obj. 9.3.1) 15: 157 —*7) se (Obj29.2.1) 16. 10 (Obj. 9.5.2) 17. No solution 
(Obj.9.5.1) 18. -= (Obj.9.1.1) 19. — 5 (Obj.9.3.1) 20. 24in. (Obj.9.5.4) 21. 5 (Obj. 9.5.1) 

Mo, i OX P o= Ss : tear © : 
22, =F" (Obj.94.1) 23. == (0bj.9.3.2) 24. == (Obj.9.13) 25. 222 Hj.9.11) 
26. 2 (Obj.9.5.1) 27. x—2 (Obj.941) 28. ~*= (Obj.912) 29. 15 (Obj.9.5.2) 30. 12 

b : 

(Obj.9.5.2) 31. = (Obj.94.1) 32. = 2y +15 (OHj.961) 33, A= OH. 9.3.2) 


> 100m 





Gienex = olor — Lax — 1) (Obj. 9.2.1) 35. 
7x + 22 8a + 3 3x? — x 24x° — 4x? 


(Obj.9.6.1) 36. 40 (Obj.9.5.2) 37. 3 (Obj. 9.5.1) 








re ee eee ee 
3 
41. “ (Obj.9.3.1) 42. 62. (Obj.9.5.1) 43. 6 (Obj.9.5.1) 44. ae (Obj. 9.1.3) 45. It would take the 
a 


apprentice 6h. (Obj. 9.7.1) 46. The spring would stretch 8 in. (Obj. 9.5.3) 47. The rate of the wind is 
20 mph. (Obj. 9.7.2) 48. To make 10 gal of the garden spray will require 16 additional ounces. (Obj. 9.5.3) 
49. Using both hoses, it would take 6 h to fill the pool. (Obj. 9.7.1) 50. The rate of the car is 45 mph. (Obj. 9.7.2) 


CHAPTER TEST 








te Obj 91 3) wee... == (Obj.981) 03.80 DOE 1) (Ob.92D< 4. =1(Obj. 9.5.2) 
x 























+ 4 uate 
x+1 : x—3 i 3x + 6 ; Ne 999 
By Ob912) 6 > OW. 9AD) 2 a ee ay (OH: 922) 
5 ; : 5 , 5 
8. x= -2y—5 (0.9.61) 9 2 (OBL951) 10. Goma ay (0H.932) 1 (OHj. 911.3) 
Xo x . 
vy. —— (bj).93.1) 13. 6x(x +2)? (Obj.9.21) 14. —% (Obj.9.1.1) 15. 4 (Obj. 9.5.1) 
XO) eS 
ia ; ax : 3 é “95. 
16. £= 5 (Obj. 9.6.1) ze ay (Obj. 9.1.1) 18. ea ea (Obj. 9.3.2) 1977 3% (Obj49.5.2) 
mE) Gy ery Ss a Obj.9.2.2) 22, =*2 (Cbj.9.41) 23. For 
y(x + 2) Ce) oe x(x + 1)(x — 1)” x(x + 1)(x - 1) oy) ) x +5 a) ) 


15 gal of water, 2 lb of additional salt will be required. (Obj. 9.5.3) 24. The rate of the wind is 20 mph. (Obj. 9.7.2) 
25. It would take both pipes 6 min to fill the tank. (Obj. 9.7.1) 
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CUMULATIVE REVIEW EXERCISES 


Oui), B26. (Ob Wale. 3. = (Obj 142)" 1) 2 Opal) tee one 2 


(Obj. 2.2.2) 6. —8x +26 (Obj.2.24) 7. —20 (Obj.3.21) 8 12 (Obj.3.2.3) 9 10 (Obj.3.1.4) 


10. x<2 (Obj.332) 1. x15 (Ob.333) 12. (Obj. 5.2.2) 





13; (Obj. 5.6.1) 


2 1 
16. {—3,5,11,19,27} (Obj.5.5.1) 17. 37 (Obj.5.5.1) 18. (2,3) (Obj.6.2.1) 19. (3-1) (Obj. 6.3.1) 


3 
20) OX (OD).7.251) at 2li ae b Ob)..7.2\2\ be 22. a (Obj. 7.4.1) 23. a2 +. ab — 12h? (Obj. 7.3.3) 
24. 3b9>—b+2 (Obj.7.43) 25. x2 +2x+4 (Obj.744) 26. (4x + 1)(3x—1) (Obj. 8.3.1/8.3.2) 


27. (y—6(y—1) (Obj.8.2.1) 28. a(2a—3)(a+5) (Obj. 8.3.1/8.3.2) 29. 4(b+5)(b—5) (Obj. 8.4.2) 


30. -3 and 2 (Obj. 85.1) 31. -* =5 (Objy9-1)h B21 (O6}.9,1, 3p 1S. (ODIO) 


(xian) (0 a) 
7 © (Obj.9.6.1) 36. 5x—18=-3;x=3 (Obj.4.1.1) 37. $5000 must be 








eNO OG Ss oie 


invested at an annual simple interest rate of 11%. (Obj. 4.5.1) 38. There is 70% silver in the 120-gram alloy. 
(Obj. 4.6.2) 39. The base is 10 in. The height is 6 in. (Obj. 8.5.2) 40. It would take both pipes 8 min to fill 
the tank. (Obj. 9.7.1) 








ANSWERS to Chapter 10 Odd-Numbered Exercises _ 


CONCEPT REVIEW 10.1 


1. Never true 3. Always true 5. Sometimes true 


SECTION 10.1 


3 4 5 VOL BOAVO 49. 2/28 wt), 18V20 1aelovAo.-« UP 9 S17. x99 (Eo ese 

21. 38V5 —23. 0 25. 48V2 27. 105 _20.. 30. 31 30V5, 33.6 5°/ 10 55004 Gots 
39. 15.492 41. 16.971 | 43. 15.652 45. 18.762 49. x? | BI. Vy 53. a 5B. 4/7? 

B7. 2x7 59. 2xV6° G1. oxy Vey 68. a Vad) 65, 2x7\/ 1k 67, 7a Oey 

71. 2x°y°V10xy 73. 4a‘b°V5a 75. BabVb 77. xy = 79. Ba*b*V5b BB. 6x7? VBy 83. Ax? V/2y 
85. 5a + 20 BYE PLE el mein ts) 89. 2 of yt 93. 0.05ab?V/ab 95. XY Vy ae 

Sms oe Bea c. 3V3 99. The length of a side of the square is 8.7 cm. 101, x = 0" 103) 5 


5 
05a 3 107. All real numbers 











CONCEPT REVIEW 10.2 


1. Never true 3. Always true 5. Always true 
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SECTION 10.2 


Wee ere VE 7, 0a BIg Se Stan 13) ays avn 
ET 198 8/5 21 8/2 23. 152-103 25. Vx oe 27) 12xV3 29. 2xyVx — 3xyVy 
31. —9xV/3x 33. -13y?V2y 35. 4ab*\/ab 87. 7/239. 6Vx AL —3Vy 43. —45V/2 

a5. 13V3— 1250) 47; 32V3—3V11 49. 6Vx O951n =34V3x 58 10a-3b + 100/55 

55. —2xyV3 957. —7bVab+4aVb 59. 3ab\/2a — ab + 4abV/3b S61. BV +2 ~~ 63: 2xV 2y 

65. 2ab\/6ab OF.e = TN 2 ey 69. The perimeter is (6V3 + 2V/15) cm. 71. The perimeter is 22.4 cm. 


73. No 


CONCEPT REVIEW 10.3 


1. Always true 3. Always true 5. Sometimes true 


SECTION 10.3 


Wee SSG abe 7 ye 8 Soa Me 12a 13. Do 15. eh N/ xy 

17, 5V2-V5x_ 19. 4-2V10 21. x-6Vx+9 23. 3a-3Vab 25. 10abc 

PE ox 22yVe bys 29..x-y 3h 10x+18Vxy+4y 35.4 37. 7 39. 3 41. xV5 
2 




















3 V/3x \/2- Be ai 
Be ee ai - yg VERO NM ee ae AN AN Eee ER V6 
7 3 «G 0G i xy 7b 27 
= 5 FA fate fe 
Fs ee aN eve, fy) ever, Vea Veo oe ie 
3xy 3y Zi 20 Nay 3y 
\/ i 1 7 Z 
ee Near ee ro es OBL Gy TBS eS a8 Ge 87. ee 
3 x-—9 2 4 11 
= CS 4 
a Ie og VN) Oe Ny, apy enone “ee clOW ar ne 
7 Dip. no 2 2 


b. True c. False;x + 2Vx +1 d. True 103. No 


CONCEPT REVIEW 10.4 


1. Sometimes true 3. Always true 5. Sometimes true 


SECTION 10.4 


2 
3. 25 5. 144 1a Oo ES 13. No solution 5 Seo 17. 24 Ol Die Ss 
23. : 25. 15 Za) Zo el Si. 33.1 Soe 37. No solution 39. The number is 1. 
41. The number is 11. 45. The length of the hypotenuse is 10.30 cm. 47. The length of the other leg of the 
triangle is 9.75 ft. 49. The length of the diagonal is 12.1 mi. 51. The depth of the water is 12.5 ft. 534 athe 
pitcher’s mound is more than halfway between homeplate and second base. 55. The periscope has to be 10.67 ft 
above the water. 57. Yes, the ladder will be long enough to reach the gutters. 59. The length of the pendulum 
is 7.30 ft. 61. The distance to the memorial is 250 ft. 63. The bridge is 64 ft high. 65. The height of the 
screenis21.6in. 67. 5 69. 8 71. a. Theperimeteris12V2cm.  b. Theareais12cm*. 73. The 


area is 244.78 ft?. 


CHAPTER REVIEW EXERCISES 


1. -11V3 (Obj.10.2.1) 2. -xV3-—xV5 (Obj. 10.3.2) 3. x+8 (Obj.10.1.2) 4. Nosolution 
(Obj. 10.4.1) 5. 1 (Obj. 10.3.2) 6. 7V7 (Obj.10.2.1) 7. 12a + 28Vab + 15b (Obj. 10.3.1) 
8. 7x2 + 42x +63 (Obj.10.1.2) 9 12 (Obj.10.1.1) 10. 16 (Obj.10.41) 11. 4xV5 (Obj. 10.2.1) 
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12. 5ab— 7. (Obj. 10.3.1) 13. 3 (Obj.104.1) 14. V35 (Obj. 101.1) 15. 7yVi15xy (Obj.10:241) 


16. 7 (Obj. 10.3.2) 17. 9x —6Vxy+y (Obj. 10.3.1) 18 a+4 (Obj.10.1.2) 19. 20V3 (Obj. 10.1.1) 
20. 26V3x (Obj. 10.2.1) 21. i (Obj. 10.3.2) 22, 3aV2 + 2aV3 (Obj.10.3.1) 23. 9a2V2ab 
(Obj. 10.1.2) 24. 6730 (Obj. 10.1.1) 25. —4a?b“VSab (Obj. 10.2.1) 26. 7xy* (Obj. 10.3.2) 


a 5 (Obj. 10.4.1) 28. c? (Obj. 10.1.2) 29. 15V2 (Obj.10.1.1) 30. 18aV5b + 5aVb (Obj. 10.2.1) 


31. oo (Obj. 10.3.2) 32. 8 (Obj. 10.4.1) 33. a°b%c? (Obj. 10.3.1) 34. 21V70 (Obj. 10.1.1) 


35. 2y*V6 (Obj.10.1.2) 36. 5 (Obj.10.3.2) 37. 5 (Obj.104.1) 38. 8y+10V5y—15 (Obj. 10.3.1) 
39. 99.499 (Obj.10.1.1) 40. 7 (Obj.10.3.1) 41. 25x*V6x (Obj. 10.1.2) 42. —6x°y?V2y (Obj. 10.2.1) 


43. 3a (Obj.10.3.2) 44. 20V10 (Obj.10.1.1) 45. 20 (Obj.104.1) 46. = (Obj. 10.3.2) 


47, 10 (Obj.10.3.1) 48. 6x7y?Vy (Obj. 10.1.2) 49. 36x°y>V/3xy (Obj. 10.1.2) 50. 3 (Obj. 10.4.1) 
51. 20 (Obj.10.1.1) 52. —2V2x (bj.10.2.1) 53. 6 (Obj.104.1) 54. 3 (Obj. 10.3.1) ~ 055. "The 
larger integer is 51. (Obj. 10.4.2) 56. The explorer’s weight on the surface of the earth is 144 Ib. (Obj. 10.4.2) 
57. The length of the other leg is 14.25 cm. (Obj. 10.4.2) 58. The radius of the sharpest corner is 25 ft. 

(Obj. 10.4.2) 59. The depth is 100 ft. (Obj. 10.4.2) 60. The length of the guy wire is 26.25 ft. (Obj. 10.4.2) 





CHAPTER TEST 


Te LixtAMOb) OND) 2 5/2. (Obj. 1021)" 83h 6x2V/ (Obj 10.3.1)" a 3S (Obj10. 1) 

5. 6x°yV2x (Obj. 10.1.2) 6 6V2y¥+3V2x (Obj.10.2.1) 7. y+8Vy+15 (Obj.103.1) 8 V2 
(Obj. 10.3.2) 9. 9 (Obj.10.3.2) 10. 11 (Obj.10.4.1) 11. 22.361 (Obj.10.1.1) 12. 4ab*\/2ab 
(Obj. 10.1.2) 13. a—Vab (Obj. 10.3.1) 14. 4x7y?V5y (Obj.10.3.1) 15. ZabVa (Obj. 10.3.2) 

16. 25 (Obj.10.4.1) 17. 8x°y’V3xy (Obj. 10.1.2) 18. 4ab\/2ab — 5abVab (Obj.10.2.1) 19. a-4 
(Obj, 103 1)5 720. 6 8V5 (Obj. 1052) “21. 5 (Obj) 1041) 22-32 — 2 One iam) 

23. —6Va (Obj.10.2.1) 24. 6V3 (Obj.10.1.1) 25. 7.937 (Obj.10.1.1) 26. 6abVa (Obj. 10.3.2) 
27. Nosolution (Obj. 10.4.1) 28. The smaller integer is 40. (Obj. 10.4.2) 29. The length of the pendulum 
is 5.07 ft. (Obj. 10.4.2) 30. The ladder is 9.80 ft high on the building. (Obj. 10.4.2) 


CUMULATIVE REVIEW EXERCISES 











1 

1. -s5 (Obj.14.2) 2 2w+18 (Obj.225) 3, a (Obj.3.23) 4 x= —-F (Obj. 3.3.3) 

4 1 
5. —5 (Obj.5.3.1) 6 y=5x—2 (Obj541/542) 7. -18 (Obj. 55.1) 
Se ee OO). 19 eee (Obj.5.61) 10. (2,-1) (Obj. 6.1.1) 
11. (1,1) (Obj. 6241) -a2ee@i—2)" CObjresa) 4s: & (Obj. 7.4.1) 14. -2b? + 1 — (Obj. 7.4.3) 
15. 3x*y%(4x — 3y) (Obj.8.1.1) 16. (3b + 5)(3b— 4) (bj.8.3.1/832) 17. 2ala — 3)(a —5) 

: 1 s cae Z Gite) ‘ *) ‘ 
(Obj. 8.2.2) 18. Fy (Obj. 9.1.2) 19. TF (0.9.4.1) 20. =*F OHj,.932) 24, 2 (0bj.95:1) 


22%, 38/34 = 35a (Obje10.2a)hew23, 8 (Obj 10.3.2). 24) 14 (Obj. 10.4.1) 25. The largest integer that 
satisfies the inequality is —33. (Obj. 4.8.1) 26. The cost is $24.50. (Obj. 4.4.1) 27. 56 oz of pure water must be 
added. (Obj. 4.6.2) | 28. The two numbers are 6 and 15. (Obj. 4.1.2) 29. It would take the small pipe 48 h to fill 
the tank. (Obj. 9.7.1) 30. The smaller integer is 24. (Obj. 10.4.2) 


Answers to Odd-Numbered Exercises A35 





CONCEPT REVIEW 11.1 


1. Never true 3. Sometimes true 5. Always true 


SECTION 11.1 


1. ¢=3,b=-4,c=1 30 = 2.b=0/e=-5 5° a= 6.) =—3,c =0 7. x? — 3x -8=0 
OF 47? — 16. = 0 11. 2x7+12x+13=0 172 —Srands 19. land3 21. —1and —2 23503 


3 yy 
25. Oand 5 DT ee FANG!) 29. 3 and 1 31S and 3 33. d ; 35. —3 and ; 37. 


=e 1 
De 3 
z 
3 49. -—3and6 51. Oand 12 


Dy yD 
39. —4and 4 41. A and 3 43. : and 2 45. —6and ; 47. 


Hi W. Dy 
53. —6and6 55, .—Iland 1 5/7 aad 5 59. ~ and 3 61. 3 and : 63. There is no real 


2 
number solution. 65. 2\V/6and —-2V6 67. —5 and 7 69. —7and —-3 71. -—6and 4 73, —9 and +1 
9 S if 
75. 2and16 77. -sand-5 79. -; andZ 81. = and-= 83. 4 + 2V5and 4 ~ 2V5 
1 4 
85. There is no real number solution. 87. ; + V6 and 5 V6 89. me and ; 91. V2and -V2 
93. Oand1l 95: = and — 97. The speed is 10 m/s. 


CONCEPT REVIEW 11.2 


1. Always true 3. Always true 5. Never true 


SECTION 11.2 


1 see 
1. x? + 12x + 36; (x + 6)’ 3. x2 + 10x + 25; (x + 5)* 5. e-x+h(x-2) 7. —3and1 


=? 4/3 and=2 — V3 11. There is no real number solution. 13. -—3+ V14and -3- V14 15. 2 


17. 1+ V2and1-vV2 19. 33+ V8 ang 2 VB 21. -8and1 23. -3+V5and -3- V5 

25. 44+ V14and4- V14 27; “Vand 29. oe and i528 Sie — and ie 

33. See and = 55: as and aes 37. —5 + 4V2and —-5 — 4V2 eh ee and 
ee 41. a and = 43. There is no real number eclitor! 45. : and 1 AT. t2o.and ; 


49. Ae ee 51. 2+ V8 ang? 53. 3+ V2and3—- V2 55. 14+ Vi13and1— V13 
2 

57. a and —— 59. 44+V7and4—-V7 61. 1193 and-4.193 63..--2.766 and —1.266 

65. 015land—1.651 67. -3 69. 6+ V58and6 — V58 


CONCEPT REVIEW 11.3 


1. Always true 3. Never true 5. Never true 
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SECTION 11.3 
82 and I 5. —3and6 7. 1+ Voand 1 — V6 9. —3 + V10 and —3 — V10 11. There is no real 








1+ v2 1- v2 3 3 
number solution. 13. 2+ Vi3 and2— V13 15. Oandl 7s Line and Port 19. PS and 5 
a V = VV ; 4+ V10 
Bile s ae and 2 aa D3 ast and a 25. There is no real number solution. 27, “Sis a and 
Nv) V —-VvV V —V 1+ V4i1 1—V4i 
geal 29. ae and 3 31. ae and oes 33. eee and pees 35. ———— and ————_ 
2 3 6 6 6 6 5 5 
37. —o and : 39. -3+2V2and -3 -— 2V2 41. a and se 43. There is no real number 
is SN 1 D Me =f = = 
solution. 45. Bini 2 and =PaN2 AiG = 49, =BVS and ees 51. 1+ 2V3 and 1=2v3 
3 3 2 3 2 y D. ye 
53. 3 Boe aoe and ake Bia ae v.19 and ee v.19 59, 25 v.65 and 2am v65 


61. 6+ Vi1land6—- V11 63. 5.690 and —3.690 65. 7.690 and —1.690 67. 4.589 and —1.089 
69. 0.118 and —2.118 71. 1.105 and —0.905 The Gh aie Wiley eharel 3) — W118) 75. a. False b. False 
c. False d. True 


CONCEPT REVIEW 11.4 


1. Always true 3. Never true 5. Never true 


SECTION 11.4 
Doan 7s Up 9° Up 11, 





19. 
Dos 


30. x 43. (2,0) and (250) 





47. 





Answers to Odd-Numbered Exercises A37 


57. 





CONCEPT REVIEW 11.5 


1. Never true 3. Always true 5. Always true 


SECTION 11.5 


1. The length is 6 ft. The width is 4 ft. 3. The length is 100 ft. The width is 50 ft. 5. The two integers are 7 and 9. 
7. The integers are 6 and 10, or —10 and —6. 9. It would take the first computer 35 min and the second computer 

14 min. 11. It would take the first engine 12 h and the second engine 6 h. 13. The rate of the plane in calm air 
was 100 mph. 15. The cyclist’s rate during the first 150 mi was 50 mph. 17. The arrow will be 32 ft above the 
ground at 1s and at 2 s. 19. The maximum speed is 151.6 km/h. 21. The water from the hose is 244.1 ft from the 
tugboat. 23. The ball hits the basket 1.88 s after it is released. 25. The radius of the base is 5.64 cm. 27a ie 
integers are —6, —5, —4 and —3, or 3, 4, 5, and 6. 29. The radius of the large pizza is 7 in. 31. The dimensions of 
the cardboard are 20 in. by 20 in. 


CHAPTER REVIEW EXERCISES 








1, 4and—4 (Obi 12) 2 - ee and ae (Obj. 11.2.1/11.3.1) 3. —— and oe 
(Op 124 /013.1) 4. : and 2 (Obj. 11.1.2) 5. y (Obj. 11.4.1) 6. (Obj. 11.4.1) 
TN 2a and = 23 .(Obj) 112.17 11.3.1) 8. 5 and 5 (Obj. 11.1.1) 9. There is no real number solution. 


fon ari2) 10. eft Vi0 No 0 Oy 1121/1131) 11. 2+ VGand2— ve (Opa ie © 








5 5 
Ti : 
12. 6and—-5 (Obj.11.1.1) 13. = and Se Oy ry B14: 2V10 and 2 — V10 (Obj. 11.1.2) 
15. 2 — (Obj. 11.2.1/11.3.1) 16. 1+ Viland1— Vil (Obj. 11.2.1/113.1) 17. 3and9 
an 
(Obi iia 18..16and—2 ¢(Objan12) 19.2 oe (Obj. 11.4.1) 20. (Obj. 11.4.1) 
™ Se 1 5 ; 
1, land —9 (Obj. 110:2)/ 22. Ae nd (Obj. 11.2.1/11.3.1) 23. —Zand -3 Obj. 11.1.1) 


24. There is no real number solution. (Obj. 11.2.1/11.3.1) 25. 4+ V2land4— V21 (Obj. 11.2.1/11.3.1) 
4 . ae =7p Oly eV OL 
26. 5 (Obj. (i) 27. 2andi=1 (Obj ik12) 28. jand= (Obj. 1111) 29. ——, aid 


(Opy1.2-1/ 10.3.1) 30: 2 and = (Opj-ilid)) 3hesr Voand3—V5 (Obj. 1112) 32. —4+ V/19 and 








A38 Chapter 11 


(Obj. 11.4.1) 


—4— V9 (Obj. 11.2.1/11.3.1) 33. (Obj. 11.4.1) 34. 





85. =7 and =10' (Obj: 11.14) 36. 2+ 2V6and 2 — 2V6 (Obj. 11.1.2) 37. There is no réal number solution. 
1 : 
(Obj. 11.2.1/11.3.1) 38. -3 + Viland -3 — VII (Obj. 11.2.1/11.3.1) 39. 3and —5 (Obj. 11.1.1) 


i 9 9+ V69 9 — V69 
40, S*V8 ang S—Y3 OH. 2a/31) 4 2, Obj. 4) a, A and 2 


4 4 





(ObpelT.25/ 113.) 43. 1 and 3 (Obj. 11.1.1) 44. (Obj. 11.4.1) 45. The rate of the air balloon 





is 25 mph. (Obj. 11.5.1) 46. The height is 10 m. The base is 4m. (Obj. 11.5.1) 47. The two integers are 3 and 5. 
(Obj. 11.5.1) 48. The rate of the boat in still water is 5 mph. (Obj. 11.5.1) 49. The object will be 12 ft above the 


1 1 
ground at5s and 15s. (Obj. 11.5.1) 50. It would take the smaller drain 12 h and the larger drain 4h. (Obj. 11.5.1) 


CHAPTER TEST 


22 par (Obj. 11.2.1/11.3.1) 3. —4and2 


(Obj. 11.2.1/113.1) 5 -2+2V5and—2-—2V5 (Obj. 11.2.1/11.3.1) 


1, -4+2V5and-4-—2V5 (Obj. 11.1.2) 2. 


34+ V33 ee LOO 
2 and p 








(Obj.11.1.1) 4. 











6. (Obj. 11.41) 9 7. =2+ V2and—2= V2 (Obj. 11.2.1/11.3.1) 
= 41 Ou V4 ; i = 
8. a and eee (Obj. 1121/1131) 9 -Fand3 (Ob. 1111) 10. 3 ae and 2 a 


(Obj. 1-24/11.81)-, 11. a 1-ViB 


andi, Obi AL 2/13 Ay yy 12 ee 3V2 and5 — 3V2 (Obj. 11.1.2) 








13. 3+ Vidand3— Vid (Obj. 11.2.1/11.31) 14. wee and = oe (Obj. 11.2.1/113.1) 15. = oe and 














SiN Oo ; 5 1 =z \/ ae 

—SS (Obj. 11.2.1/113.1) 16. Zand= (Obj. 1141) 17. a and ao v97 (Obj. 11.2.1/11.3.1) 
DN Ie Daa Ae ; it 

18, and (Obj. 1.2.1/11.3.1) 19. —5and2 (Obj. 111.1) 20. (Obj. 11.4.1) 
VAG i SS WG) ; 

2A. a SIV and , (bj, 121 y 1193.1) 22. The length is 8 ft. The width is 5 ft. (Obj. 11.5.1) 


Answers to Odd-Numbered Exercises A39 


23. The rate of the boat in calm water is 11 mph. (Obj. 11.5.1) 24. The middle odd integer is 5 or —5 (Obj. 11.5.1) 
25. The rate for the last 8 mi was 4 mph. (Obj. 11.5.1) 


CUMULATIVE REVIEW EXERCISES 


: 3 R 
T= 28x + 27. (Obj. 2.2.5) 2 5 (Obj.3.1.3) 3. 3 (bj.323) 4, x>o (Obj. 3.3.3) 


2 4 
5. (3,0) and (0, —4) (Obj. 5.2.3) 6 y= 3% 2 (Obj. 5.4.1/5.4.2) 7. Domain: {—2, —1, 0, 1, 2}; 
range: {—8, —1,0, 1, 8}; yes (Obj. 5.5.1) Bag ODI 4D .0. 1) o eA pe OO) 





(GbG56 Ups 1.2 (221) (Obj 6.21). 12-2(2,52).(Obi.6.8))ire 113. -= (Obj. 7.4.1) 


10. 





4 
14x + 2=—— (Obj.744) 15. (x — A)(4y— 3) (Obj. 8.1.2) 16. xx — 4) +2) (Obj. 8.3.1/8.3.2) 


9x?(x — 2)(x — 4) 
(2x — 3)°(x + 2) 


(Obj.9.5.1) 21. a—2 (Obj.10.3.1) 22..5 (Obj.10.4.1) 23. 5 and 3 (Obj. 1111) 24 2+2V3and 
2+ V19 2-V19 
3 3 


KOI tars wets eee = (0b) 29.82). 10: 


17. 
PX oe se 10) 





sare (Obj. 9.4.1) 20. —3 and 6 


2-2V3 (Obj.11.1.2) 25. and 





(Obpil21/d3 1), 26: (Obj. 11.4.1) 





27. The cost is $36. (Obj. 3.1.4) 28. The cost is $2.25 per pound. (Obj. 4.6.1) 29. To earn a dividend of 
$752.50, 250 additional shares are required. (Obj. 9.5.2) 30. The rate of the plane in calm air is 200 mph. The rate of 
the wind is 40 mph. (Obj. 6.4.1) 31. The student must receive a score of 77 or better. (Obj. 4.8.1) 

32. The length of the guy wire is 31.62 m. (Obj. 10.4.2) 33. The middle odd integer is —7 or 7. (Obj. 11.5.1) 


FINAL EXAM 


1. -3 (Ob. 112) 2 -6 (Obj 122) 3 125% (Obj. 132) 4. -256 (Obj. 141) 
5. -11 (Obj. 14.2) 6 —— (Obj. 211) 7 9x + Gy (Obj.222) 8 6z (Obj. 223) 

pa b> “(Obi 22.5) 10.50 (Obj 3.13). —3 =(06j13.29) 12, -15:2°(Ob}23.:114) 

13. x=-3 (0.333) 14 y= (Obj. 3.3.3) 15. : (Obj. 53.1)" Je: y= -5x-2 (Obj. 5.4.1/5.4.2) 


Dee een (ODS 2 2)reny 1S ary create em sO) 5.5.2)he nlPyeeleala2a5,8.1l) (Ob)s5.6-1) 


























A40 Chapter 11 


20. (Obj. 5.6.1) 21. (6,17) (Obj.6.2.1) 22. (2,-1) (Obj. 6.3.1) 





93, =3x°—= 8x48 (Obj. 7.1.2) 24, Bix*y® (Obj. 7.2.2). 25) 6x? + 7x7 — 7— 6 (Obj732) 
: : 16y’ : 5 ; 
26. a (Obin74. 1) 7 27, (Obj7 41). 28.0 Bx" dx — 1 (Ob) 7 13) 120 Moa eae 
(Obj.7.4.4) 30. 39-10% (Obj.7.4.2) 31. 2(4-x)(a+3) (Obj.8.1.2) 32. (x — 6)(x +1) (Obj. 8.2.1) 
33, (2x — 3)(x +1) (Obj.8.3.1/8.3.2) 34. (3x + 2)(2x —3) (Obj. 8.3.1/8.3.2) 35. 4x(2x — 1)(x — 3) 
: 1 
(Obj. 8.3.1/8.3.2) 36. (x + 4)(Gx — 4) (Obj.84.1) 37. 3y(5 + 2x) — 2x) (Obj. 84.2) 38. 5 and3 


2(x + 1) —3x? +x -— 25 
soil 








eS 93: ee 9.41 
(Obj. 8.5.1/11.1.1) 39. (Obj.9.1.2) 40. FA (Obj. 9.3.2) 4 x +1 (Obj. 9.4.1) 


42, 2 (Obj. 95.1) 43. a=b (Obj.96.1) 44. 7x? (Obj. 10.1.2) 45. 38V3a (Obj. 10.21) 
3 1 5 
46. V15+2V3 (Obj.10.3.2) 47. 5 (Obj.104.1) 48. 3+ V7Zand3-— V7 (Obj.11.1.2) 49. ae 


4 
mee (Obj. 11.2.1/11.3.1) 50, (Obj. 11.4.1) 5. 2x + B(x — 2);5x — 6 (Obj. 2.3.3) 


and 











52. The original value of the machine was $3000. (Obj. 3.1.4) 53. There are 60 dimes in the bank. (Obj. 4.2.2) 

54. The angles measure 60°, 50°, and 70°. (Obj. 4.3.3) 55. The markup rate is 65%. (Obj. 4.41) 56. $6000 must 
be invested at 11%. (Obj. 4.5.1) 57. The cost is $3 per pound. (Obj. 4.6.1) 58. The percent concentration is 36%. 
(Obj. 4.6.2) 59. The plane traveled 215 km during the first hour. (Obj. 4.7.1) 60. The rate of the boat is 15 mph. 
The rate of the current is 5 mph. (Obj. 6.4.1) 61. The length is 10 m. The widthis5m. (Obj. 8.5.2) 62. 16 0z of 
dye are required. (Obj. 9.5.3) 63. It would take them 0.6 h to prepare the dinner. (Obj. 9.7.1) 64. The length of 
the other leg is 11.5cm. (Obj. 10.4.2) 65. The rate of the wind is 25 mph. (Obj. 11.5.1) 





abscissa The first number in an ordered pair. It measures 
a horizontal distance and is also called the first coordi- 
nate. (Sec. 5.1) 


absolute value of anumber The distance of the number 
from zero on the number line. (Sec. 1.1) 


acute angle An angle whose measure is between 0° and 
90°. (Sec. 4.3) 


addend_ In addition, a number being added. (Sec. 1.2) 


addition The process of finding the total of two numbers. 
(Sec. 1.2) 


addition method An algebraic method of finding an 
exact solution of a system of linear equations. (Sec. 6.3) 


additive inverses Numbers that are the same distance 
from zero on the number line, but on opposite sides; also 
called opposites. (Sec. 1.1, 2.2) 


adjacent angles Two angles that share a common side. 
(Sec. 4.3) 


algebraic fraction A fraction in which the numerator and 
denominator are polynomials. (Sec. 9.1) 


alternate exterior angles Two angles that are on opposite 
sides of the transversal and outside the parallel lines. 
(Sec. 4.3) 


alternate interior angles Two angles that are on opposite 
sides of the transversal and between the parallel lines. 
(Sec. 4.3) 


analytic geometry Geometry in which a coordinate sys- 
tem is used to study the relationships between variables. 
(Sec.5,1) 

arithmetic mean of values Average determined by calcu- 
lating the sum of the values and then dividing that result 
by the number of values. (Sec. 1.2) 

axes The two number lines that form a rectangular coor- 
dinate system; also called coordinate axes. (Sec. 5.1) 

base In exponential notation, the factor that is multiplied 
the number of times shown by the exponent. (Sec. 1.4) 


basic percent equation Percent times base equals amount. 
(Sec. 3.1) 

binomial A polynomial of two terms. (Sec. 7.1) 

clearing denominators Removing denominators from an 
equation that contains fractions by multiplying each side 
of the equation by the LCM of the denominators. 
(Sec, 3.2,,9.5) 


coefficient The number part of a variable term. (Sec. 2.1) 


combining like terms Using the Distributive Property to 
add the coefficients of like variable terms; adding like 
terms of a variable expression. (Sec. 2.2) 


Glossary Gl 


complementary angles Two angles whose sum is 90°. 
(Sec. 4.3) 


completing the square Adding to a binomial the con- 


stant term that makes it a perfect-square trinomial. 
(Sec. 11.2) 


complex fraction A fraction whose numerator or denomi- 
nator contains one or more fractions. (Sec. 9.4) 


conjugates Binomial expressions that differ only in the 
sign of a term. The expressions a + b and a — b are con- 
jugates. (Sec. 10.3) 


consecutive even integers Even integers that follow one 
another in order. (Sec. 4.2) 


consecutive integers Integers that follow one another in 
order. (Sec. 4.2) 


consecutive odd integers Odd integers that follow one 
another in order. (Sec. 4.2) 


constant term A term that includes no variable part; also 
called a constant. (Sec. 2.1) 


coordinate axes The two number lines that form a 
rectangular coordinate system; also simply called axes. 
(Sec. 5.1) 


coordinates of a point The numbers in an ordered pair 
that is associated with a point. (Sec. 5.1) 


corresponding angles Two angles that are on the same 
side of the transversal and are both acute angles or are 
both obtuse angles. (Sec. 4.3) 


cost The price that a business pays for a product. 
(Sec. 4.4) 


decimal notation Notation in which a number consists of 
a whole-number part, a decimal point, and a decimal 
part. (Sec. 1.3) 


degree A unit used to measure angles. (Sec. 4.3) 


degree of a polynomial in one variable The largest expo- 
nent that appears on the variable. (Sec. 7.1) 


dependent system of equations A system of equations 
that has an infinite number of solutions. (Sec. 6.1) 


dependent variable In a function, the variable whose 
value depends on the value of another variable known as 
the independent variable. (Sec. 5.5) 


descending order The terms of a polynomial in one 
variable arranged so that the exponents on the vari- 
able decrease from left to right. The polynomial 
Qx° — 2x* + 7x3 + x? — 8x + 1 is in descending order. 
(Sec 72h) 


discount The amount by which a retailer reduces the 
regular price of a product for a promotional sale. (Sec. 4.4) 


G2 Glossary 


discount rate The percent of the regular price that the dis- 
count represents. (Sec. 4.4) 


domain The set of first coordinates of the ordered pairs in 
a relation. (Sec. 5.5) 


element of a set One of the objects in a set. (Sec. 1.1) 


equation A statement of the equality of two mathemati- 
cal expressions. (Sec. 3.1) 


equilateral triangle A triangle in which all three sides are 
of equal length. (Sec. 4.3) 


evaluating a function Replacing x in f(x) with some 
value and then simplifying the numerical expression that 
results. (Sec. 5.5) 


evaluating a variable expression Replacing each variable 
by its value and then simplifying the resulting numerical 
expression. (Sec. 2.1) 

even integer An integer that is divisible by 2. (Sec. 4.2) 

exponent In exponential notation, the elevated number 
that indicates how many times the base occurs in the 
multiplication. (Sec. 1.4) 

exponential form The expression 2° is in exponential 
form. Compare factored form. (Sec. 1.4) 

factor In multiplication, a number being multiplied. 
(Sec. 1.2) 

factor a polynomial To write the polynomial as a product 
of other polynomials. (Sec. 8.1) 

factor a trinomial of the form ax? + bx +c _ To express 
the trinomial as the product of two binomials. (Sec. 8.3) 

factored form The expression 2-2-2-2:2 is in fac- 
tored form. Compare exponential form. (Sec. 1.4) 

FOIL A method of finding the product of two binomials; 
the letters stand for First, Outer, Inner, and Last. (Sec. 7.3) 

formula A literal equation that states rules about mea- 
surements. (Sec. 9.6) 

function A relation in which no two ordered pairs that 
have the same first coordinate have different second 
coordinates. (Sec. 5.5) 

functional notation A function designated by f(x), which 
is the value of the function at x. (Sec. 5.5) 

graph of afunction A graph of the ordered pairs (x, y) of 
the function. (Sec. 5.5) 

graph of a relation The graph of the ordered pairs that 
belong to the relation. (Sec. 5.5) 

graph of an equation in two variables A graph of the 
ordered-pair solutions of the equation. (Sec. 5.2) 

graph of aninteger A heavy dot directly above that num- 
ber on the number line. (Sec. 1.1) 


graph of an ordered pair The dot drawn at the coordi- 
nates of the point in the plane. (Sec. 5.1) 


graphing a point in the plane Placing a dot at the loca- 
tion given by the ordered pair; also called plotting a 
point in the plane. (Sec. 5.1) 


greater than A number a is greater than another number 
b, written a > b, if ais to the right of b on the number line. 
(Sec. 1.1) 


greater than or equal to The symbol = means “is greater 
than or equal to.” (Sec. 1.1) 


greatest common factor The greatest common factor 
(GCF) of two or more integers is the greatest integer that 
is a factor of all the integers. The greatest common factor 
of two or more monomials is the product of the GCF 
of the coefficients and the common variable factors. 
(Sec. 8.1) 


half-plane The solution set of an inequality in two vari- 
ables. (Sec. 5.6) 


hypotenuse Ina right triangle, the side opposite the 90° 
angle. (Sec. 10.4) 


inconsistent system of equations A system of equations 
that has no solution. (Sec. 6.1) 


independent system of equations A system of equations 
that has one solution. (Sec. 6.1) 


independent variable In a function, the variable that 
varies independently and whose value determines the 
value of the dependent variable. (Sec. 5.5) 


inequality An expression that contains the symbol >, 
<, = (is greater than or equal to), or = (is less than 
or equal to). (Sec. 3.3) 


integers. ‘Ihe numbers... , —3, -2,—\ 0) In ore 


(Sec. 1.1) 


irrational number The decimal representation of an irra- 
tional number never repeats or terminates and can only 
be approximated. (Sec. 1.3, 10.1) 


isosceles triangle A triangle that has two equal angles 
and two equal sides. (Sec. 4.3) 


least common denominator The smallest number that is 
a multiple of each denominator in question. (Sec. 1.3) 


least common multiple (LCM) The LCM of two or more 
numbers is the smallest number that contains the prime 
factorization of each number. The LCM of two or more 
polynomials is the polynomial of least degree that con- 
tains the factors of each polynomial. (Sec. 1.3, 9.2) 


legs Inaright triangle, the sides opposite the acute angles, 
or the two shortest sides of the triangle. (Sec. 10.4) 


less than A number @ is less than another number b, writ- 
ten a <b, if a is to the left of b on the number line. 
(Sec. 1.1) 


less than or equal to The symbol < means “is less than 
or equal to.” (Sec. 1.1) 


like terms Terms of a variable expression that have the 
same variable part. (Sec. 2.2) 


linear equation in two variables An equation of the form 
y = mx + b, where m and b are constants; also called a 
linear function. (Sec. 5.2) 


linear function An equation of the form y = mx + b, 


where m and b are constants; also called a linear equation 
in two variables. (Sec. 5.5) 


literal equation An equation that contains more than one 
variable. (Sec. 9.6) 


markup The difference between selling price and cost. 
(Sec. 4.4) 


markup rate The percent of a retailer’s cost that the 
markup represents. (Sec. 4.4) 

monomial A number, a variable, or a product of numbers 
and variables; a polynomial of one term. (Sec. 7.1) 

multiplication The process of finding the product of two 
numbers. (Sec. 1.2) 


multiplicative inverse of a number The reciprocal of a 
number. (Sec. 2.2) 


natural numbers The numbers 1, 2,3,... (Sec. 1.1) 


negative integers The numbers... , —4, —3, —2, —1. 
(Sec. 1.1) 

negative slope A property of a line that slants downward 
to the right. (Sec. 5.3) 

nonfactorable over the integers A polynomial that does 
not factor when only integers are used. (Sec. 8.1) 

numerical coefficient The number part of a variable 
term. When the numerical coefficient is 1 or —1, the 1 is 
usually not written. (Sec. 2.1) 


obtuse angle An angle whose measure is between 90° 
and 180°. (Sec. 4.3) 

oddinteger An integer that is not divisible by 2. (Sec. 4.2) 

opposite of a polynomial The polynomial created when 
the sign of each term of the original polynomial is 
changed. (Sec. 7.1) 

opposites Numbers that are the same distance from zero 
on the number line, but on opposite sides; also called 
additive inverses. (Sec. 1.1) 

ordered pair A pair of numbers, such as (a, b) that can be 
used to identify a point in the plane determined by the 
axes of a rectangular coordinate system. (Sec. 5.1) 

Order of Operations Agreement A set of rules that tells 
us in what order to perform the operations that occur in 
a numerical expression. (Sec. 1.4) 

ordinate The second number in an ordered pair. It mea- 
sures a vertical distance and is also called the second 
coordinate. (Sec. 5.1) 
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origin The point of intersection of the two coordinate 
axes that form a rectangular coordinate system. (Sec. 5.1) 


parabola The graph of a quadratic equation in two vari- 
ables. (Sec. 11.4) 


parallel lines Lines that never meet; the distance 
between them is always the same. (Sec. 4.3) 


percent Parts of 100. (Sec. 1.3) 
perfect cube The cube of an integer. (Sec. 8.4) 
perfect square The square of an integer. (Sec. 10.1) 


perfect-square trinomial A trinomial that is a product of 
a binomial and itself. (Sec. 8.4) 


perimeter The distance around a plane geometric figure. 
(Sec. 4.3) 


perpendicular lines Intersecting lines that form right 
angles. (Sec. 4.3) 


plane Flat surface determined by the intersection of two 
lines. (Sec. 5.1) 


plotting a point in the plane Placing a dot at the location 
given by the ordered pair; also called graphing a point in 
the plane. (Sec. 5.1) 


point-slope formula If (x,, y,) is a point on a line with 
slope m, then y — y, = m(x — x,). (Sec. 5.4) 

polynomial A variable expression in which the terms are 
monomials. (Sec. 7.1) 


positive integers The integers, 1, 2,3, 4,.... (Sec. 1.1) 


positive slope A property of a line that slants upward to 
the right. (Sec. 5.3) 


principal square root The positive square root of a num- 
ber. (Sec. 10.1) 


product In multiplication, the result of multiplying two 
numbers. (Sec. 1.2) 


proportion An equation that states the equality of two 
ratios or rates. (Sec. 9.5) 


Pythagorean Theorem The square of the hypotenuse of a 
right triangle is equal to the sum of the squares of the 
two legs. (Sec. 10.4) 


quadrant One of the four regions into which the two axes 
of a rectangular coordinate system divide the plane. 
(Sec. 5.1) 


quadratic equation An equation of the form 
ax? + bx + c = 0, where a, b, and c are constants and a is 
not equal to zero; also called a second-degree equation. 
(Sec. 8.5, 11.1) 


quadratic equation in two variables An equation of the 
form y = ax* + bx + c, where a is not equal to zero. 
(Sec. 11.4) 


quadratic function A quadratic function is given by 
f(x) = ax? + bx + c, where ais not equal to zero. (Sec. 11.4) 
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radical equation An equation that contains a variable 
expression in a radicand. (Sec. 10.4) 


radical sign The symbol V , which is used to indicate the 
positive, or principal, square root of a number. (Sec. 10.1) 


radicand In a radical expression, the expression under 
the radical sign. (Sec. 10.1) 


range The set of second coordinates of the ordered pairs 
in a relation. (Sec. 5.5) 


rate The quotient of two quantities that have different 
units. (Sec. 9.5) 


rate of work That part of a task that is completed in one 
unit of time. (Sec. 9.7) 


ratio The quotient of two quantities that have the same 
unit. (Sec. 9.5) 


rational number A number that can be written in the 
form a/b, where a and b are integers and b is not equal to 
zero. (Sec. 1.3) 


rationalizing the denominator The procedure used to 
remove a radical from the denominator of a fraction. 
(Sec. 10.3) 


real numbers The rational numbers and the irrational 
numbers. (Sec. 1.3) 


reciprocal Interchanging the numerator and denomina- 
tor of a rational number yields that number’s reciprocal. 
(Seer2:2, 971) 


rectangular coordinate system System formed by two 
number lines, one horizontal and one vertical, that inter- 
sect at the zero point of each line. (Sec. 5.1) 


relation Any set of ordered pairs. (Sec. 5.5) 


repeating decimal Decimal that is formed when dividing 
the numerator of its fractional counterpart by the 
denominator results in a decimal part wherein a block of 
digits repeats infinitely. (Sec. 1.3) 

right angle An angle whose measure is 90°. (Sec. 4.3) 


roster method Method of writing a set by enclosing a list 
of the elements in braces. (Sec. 1.1) 


scatter diagram A graph of collected data as points in a 
coordinate system. (Sec. 5.1) 


scientific notation Notation in which each number is 
expressed as the product of two factors, one a number 
between 1 and 10 and the other a power of ten. (Sec. 7.4) 

second-degree equation An equation of the form 
ax* + bx +c = 0, where a, b, and c are constants and a 
is not equal to zero; also called a quadratic equation. 
(Sec. 11.1) 

selling price The price for which a business sells a prod- 
uct to a customer. (Sec. 4.4) 


set Acollection of objects. (Sec. 1.1) 


similar objects Similar objects have the same shape but 
not necessarily the same size. (Sec. 9.5) 

simplest form of a fraction A fraction is in simplest form 
when there are no common factors in the numerator and 
the denominator. (Sec. 9.1) 

slope The measure of the slant of a line. The symbol for 
slope is m. (Sec. 5.3) 

slope-intercept form The slope-intercept form of an 
equation of a straight line is y = mx + b. (Sec. 5.3) 


solution of a system of equations in two variables An 
ordered pair that is a solution of each equation of the sys- 
tem. (Sec. 6.1) 


solution of an equation A number that, when substi- 
tuted for the variable, results in a true equation. (Sec. 3.1) 

solution of an equation in two variables An ordered 
pair whose coordinates make the equation a true state- 
ment. (Sec. 5.2) 

solution set of an inequality A set of numbers, each ele- 
ment of which, when substituted for the variable, results 
in a true inequality. (Sec. 3.3) 

solving an equation Finding a solution of the equation. 
(Sec. 3.1) 

square root A square root of a positive number x is a 
number a for which a* = x. (Sec. 10.1) 

standard form A quadratic equation is in standard form 
when the polynomial is in descending order and equal to 
zero. ax? + bx + c = Ois in standard form. (Sec. 8.5, 11.1) 

straight angle An angle whose measure is 180°. (Sec. 4.3) 

substitution method An algebraic method of finding an 
exact solution of a system of equations. (Sec. 6.2) 

subtraction The process of finding the difference 
between two numbers. (Sec. 1.2) 


sum In addition, the total of two or more numbers. 
(Sec. 1.2) 


supplementary angles Two angles whose sum is 180°. 
(Sec. 4.3) 


system of equations Equations that are considered 
together. (Sec. 6.1) 


terminating decimal A decimal that is formed when 
dividing the numerator of its fractional counterpart by 
the denominator results in a remainder of zero. (Sec. 1.3) 


terms of a variable expression The addends of the 
expression. (Sec. 2.1) 


transversal A line intersecting two other lines at two dif- 
ferent points. (Sec. 4.3) 


triangle A three-sided closed figure. (Sec. 4.3) 
trinomial A polynomial of three terms. (Sec. 7.1) 
undefined slope A property of a vertical line. (Sec. 5.3) 


uniform motion The motion of a moving object whose 
speed and direction do not change. (Sec. 4.7, 9.7) 


variable A letter of the alphabet used to stand for a num- 
ber that is unknown or that can change. (Sec. 2.1) 

variable expression An expression that contains one or 
more variables. (Sec. 2.1) 


variable part Ina variable term, the variable or variables 
and their exponents. (Sec. 2.1) 


variable term A term composed of a numerical coeffi- 
cient and a variable part. (Sec. 2.1) 


vertex of a parabola The lowest point on the graph of a 
parabola if the parabola opens up. The highest point on the 
graph of a parabola if the parabola opens down. (Sec. 11.4) 
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vertical angles Two angles that are on opposite sides of 
the intersection of two lines. (Sec. 4.3) 


whole numbers The whole numbers are 0, 1, 2,3,.... 
(Sec. 1.1) 


x-coordinate The abscissa in an xy-coordinate system. 
(Sec. 5.1) 


x-intercept The point at which a graph crosses the x-axis. 
(Sec. 5.2) 


y-coordinate The ordinate in an xy-coordinate system. 
(Sec. 5.1) 


y-intercept The point at which a graph crosses the y-axis. 
(Sec. 5.2) 


zero slope A property of a horizontal line. (Sec. 5.3) 
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Abscissa, 209 
Absolute value, 5 
Abundant number, 301 
Acute angle, 151 
Addend, 10 
Addition, 10 
of additive inverses, 58 
Associative Property of, 57 
Commutative Property of, 57 
of decimals, 26-27 
Distributive Property, 59 
of integers, 10-11 
Inverse Property of, 58 
of polynomials, 315-316 
of radical expressions, 469-470 
of rational expressions, 413-416 
of rational numbers, 25-27 
verbal phrases for, 67 
Addition method of solving systems of 
equations, 288-290 
Addition Property of Equations, 88 
Addition Property of Inequalities, 116 
Addition Property of Zero, 58 
Additive inverse, 5, 58 
of polynomials, 316 
Adjacent angles, 152 
Algebraic fraction(s), see Rational 
expression(s) 
Algebraic symbolism, 502 
al Hassar, 22 
Alternate exterior angles, 154 
Alternate interior angles, 153 
Analytic geometry, 209 
Angles 
acute, 151 
adjacent, 152 
alternate exterior, 154 
alternate interior, 153 
complementary, 151 
corresponding, 154 
exterior, 155 
interior, 155 
obtuse, 151 
problems involving, 151-154 
right, 151 
straight, 151 
supplementary, 151 
of a triangle, 155-157 
vertical, 152 
Application problems, see the Index of 
Applications on page xviii. 
translating, 70-71, 135-136 
Arithmetic mean, 15, 490 
Associative Property of Addition, 57 


Associative Property of Multiplication, 
Dy 
Average 
arithmetic mean, 15, 490 
moving, 15, 41 
Axes, 209 
Axis of symmetry, 390 
of parabola, 522 


Babylonian mathematics, 295, 354, 462 
Bar graph, 125 
Base 
in exponential expression, 34, 319 
in percent equation, 92 
Basic percent equation, 92 
Binomial factors, 355, 356 
Binomial(s), 315 
expanding, 346 
factors, 355, 356 
multiplication of, 324-327 
square of a, 325-327, 510 
Brahmagupta, 22 
Break-even point, 440 


Calculators 
checking solutions of an equation 
with, 105, 504, 506 
evaluating variable expressions with, 
53 
graphing functions with, 249, 522 
graphing linear equations with, 219, 
220 PIM 235,262 
graphing quadratic equations with, 
522, 534 
iterative calculations, 535 
and the Order of Operations Agree- 
ment, 41 
plus/minus key, 41 
and problem solving, 451 
simplifying numerical expressions 
with, 41 
solving systems of equations with, 
278, 303-305 
Chapter Review Exercises, 44, 81, 128, 
201, 266, 307, 348, 394, 455, 495, 538 
Chapter Summary, 42, 80, 127, 199, 264, 
305, 347, 393, 453, 493, 536 
Chapter Test, 47, 83, 130, 204, 269, 309, 
350, 396, 457, 497, 541 
Circumference of Earth, 400 
Clearing denominators, 103, 423 
Coefficient, 51 
Coin problems, 143-144, 297 
Combining like terms, 59-61 


Common denominator, 26 
least common multiple, 25 
Commutative Property of Addition, 57 
Commutative Property of Multiplica- 
tion, 57 
Complementary angles, 151 
Completing the square, 510-511 
geometric method, 535-536 
quadratic formula derivation, 516-517 
solving quadratic equations by, 511-514 
Complex fractions, 419 
Composite number, 391 
Conjugate, 474 
Consecutive integers, 142 
Constant, 51 
Constant term, 51 
of a perfect square trinomial, 510 
Coordinate axes, 209 
Coordinates, 209 
Coordinate system, rectangular, 209 
Corresponding angles, 154 
Cost, 163 
Counterexamples, 261 
Cryptology, 86 
Cube 
of a number, 34 
perfect, 381 
Cubes, sum and difference of, factoring, 
381 
Cumulative Review Exercises, 84, 131, 
205, 272, 310, 351, 397, 458, 498, 542 
Current or rate-of-wind problems, 
293-295 


da Vinci, 149 
Decimal(s) 
and fractions, 22, 25 
operations on, 26-27, 28 
and percent, 24, 25 
repeating, 23 
representing irrational numbers, 23 
representing rational numbers, 22-23 
and scientific notation, 335-336 
terminating, 22 
Deductive reasoning, 488 
Deficient number, 301 
Degree 
angle measure, 151 
of a polynomial, 315 
Denominator(s) 
clearing, 103, 423 
least common multiple of, 25-26 
of rational expressions, 401 
rationalization of, 475 


Il 
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Dependent system, 278 
Dependent variable, 247 
Descartes, René, 34, 50, 209, 502 
Descending order, 315 
Diagramming problems, 196 
Difference of two squares, 375 
Dimensional analysis, 344-345 
Diophantus, 320 
Discount, 165 

problems involving, 165-166 
Discount rate, 165 
Distance-rate problems, 184-186, 

293-295, 442-444 527-528 

Distributive Property, 59 

FOIL method, 324-325 

use in simplifying expressions, 62 

use in solving equations, 105 

use in solving inequalities, 120 
Division 

of decimals, 28 

exponential expressions and, 332-335 

of integers, 14-15 

of monomials, 332-335 

one and, 14 

of polynomials, 337-339 

of radical expressions, 474-476 

of rational expressions, 404 

of rational numbers, 27-28 

and reciprocals, 404 

as related to multiplication, 14 

verbal phrases for, 68 

zero and, 14 
Domain, 245 


Egyptian mathematics, 2, 314 
Einstein, 87, 474 
Element of a set, 3 
Equals sign, verbal phrases for, 135 
Equation(s), 87 
Addition Property of, 88 
basic percent, 92 
dependent, 278 
first-degree, 88-92, 101-106 
applications of, 106-108 
formulas, see Formula(s) 
fractional, 103, 423-429 
graphs of, see Graph(s) 
inconsistent, 278 
independent, 277 
linear, see Linear equations 
literal, 437 
Multiplication Property of, 90 
of parabola, 521-523 
containing parentheses, 105-106 
quadratic, see Quadratic equation(s) 
radical, 478 
rational, 423-429 
solution of, 87 
solving, see Solving equations 
squaring both sides of, 479 


systems, see Systems of equations 
translating into, from sentences, 135 
in two variables, 216 
Equilateral triangle, 149 
Eratosthenes, 391, 400 
Evaluating expressions 
absolute value, 5-6 
exponential, 35 
numerical, 35-37 
variable, 52-53 
Evaluating functions, 246 
Even integers, 141 
consecutive, 142 
operations with, 79 
Expanding a binomial, 346 
Exponent(s), 34, 319 
in division, 332-335 
geometric interpretation of, 34 
integers as, 332-335 
in multiplication, 319-320 
negative, 333 
of perfect cubes, 381 
of perfect squares, 463, 465 
raising a power to a power, 320-321 
rules of, 319, 320 
Zero as, 333 
Exponential expression(s), 34, 319 
base of, 34, 319 
division of, 332-335 
evaluating, 35 
factored form of, 34 
multiplication of, 319-320 
as repeated multiplication, 34 
simplifying, 319-321 
Exponential form, 34 
Expression 
translating from verbal to variable, 
67-71 
variable, 51 


Factor 
binomial, 355 
common binomial, 356, 357 
common monomial, 355 
greatest common, 355 
in multiplication, 12 

Factored form of an exponential expres- 

sion, 34 

Factoring 
applications of, 383-384 
common binomial factor, 356-357 
common factors, 355-356 
completely, 363, 378 
difference of two squares, 375 
by grouping, 356-357, 370-372 
perfect square trinomial, 376 
solving equations by, 382-383, 

503-504. 

sum or difference of two cubes, 381 
trinomials, 360-363, 366-372 


Federal budget, 42 
Fibonacci, 3 
Final exam, 545 
First-degree equations, solving, 88-92, 
101-106 
First-degree inequalities, 115-120 
Focus on Problem Solving, 40, 77, 125, 
195, 261, 301, 344, 389, 449, 488, 533 
FOIL method, 324-325 
Formula(s), 437 
for distance (rate, time), 184 
for perimeter, 149-150 
point-slope, 240 
quadratic, 517 
simple interest, 169 
slope, 230 
Fraction(s), 22 
addition and subtraction of, 25-26 
algebraic, see Rational expression(s) 
ancient Egyptian, 2 
complex, 419 
and decimals, 22, 25 
division of, 27 
multiplication of, 27 
and percent, 24, 25 
unit, 2 
Fractional equations, 103, 423-429 
Function(s), 244-248 
applications of, 249-250 


Geometry problems, 53, 149-157, 327, 
427-429, 529 
Geometric contruction of completing 
the square, 535-536 
Geometric proofs, 354 
Golden rectangle, 149 
Graph(s) 
applications of, 249-250, 534 
of data, 125 
of functions, 247-248, 521-523 
of horizontal line, 224 
of inequalities, 115-116 
of integers, 3 
of linear equation in two variables, 
216-225, 230-236 
of linear functions, 247-248 
of linear inequalities, 256-258 
of motion, 263 
of ordered pair, 209-210 
of parabolas, 521-523 
of quadratic equations, 521-523 
x-intercepts of, 525 
of relations, 245 _ 
of systems of linear equations, 
277-279 
of vertical line, 224 
using x- and y-intercepts, 223-224 
Greater than, 4 
Greater than or equal to, 4 
Greatest common factor (GCF), 355 


Grouping, factoring by, 356-357, 
370-372 
Grouping symbols, 36 


Half plane, 256 
Harriot, 4 
Horizontal axis, 209 
Horizontal line, 224 
Hypotenuse, 481 


Illumination intensity, 451-453 
Inconsistent system, 278 
Independent system, 277 
Independent variable, 247 
Inductive reasoning, 40 
Inequality(ies), 4, 115 
Addition Property of, 116 
applications of, 190-191 
graphing, 115-116, 256-258 
Multiplication Property of, 118 
parentheses in, 120 
solution set of, 115 
solving, see Solving inequalities 
Inequality symbols, 4, 115 
Input-output analysis, 276 
Integer problems, 142-143 
Integer(s), 3 
addition of, 10-14 
applications of, 15-16 
consecutive, 142 
division of, 14-15 
even and odd, 141 
operations with, 79 
as exponents, 332-335 
as fractions, 22 
multiplication of, 12-14 
negative, 3 
positive, 3 
subtraction of, 11-12 
Intercepts 
graphing using, 223-224 
x- and y-, 223 
Interest, simple, 169 
Interest rate, 169 
Internet, 42, 198, 346, 392 
Intersection, point of, for a system of 
equations, 277 
Inverse 
additive, 5, 58 
of a polynomial, 316 
multiplicative, 58 
Inverse Property of Addition, 58 
Inverse Property of Multiplication, 58 
Investment problems, 169-171 
Irrational number, 23, 463 
Isosceles triangle, 149 


Least common denominator (LCD), 26 
Least common multiple (LCM), 25, 408 
Legs of a right triangle, 481 


Less than, 4 
Less than or equal to, 4 
Lever problems, 107-108 
Like terms, 59 
Linear equation(s) 
applications of, 232-233 
graphing, 216-225, 230-236 
slope, 230-232 
solution of, 217 
systems of, see Systems of equations 
in two variables, 216 
writing, given the slope and a point 
on the line, 239-241 
x- and y-intercepts of, 223 
Linear function, 248 
Linear inequalities, 256-258 
Line(s) 
equations of, see Linear equations 
horizontal, 224 
parallel, 152 
perpendicular, 152 
slope of, 230-231 
vertical, 224 
Literal equation, 437 


Magic square, 208 
Markup, 163 
problems involving, 163-165 
Markup rate, 163 
Mean, 15, 490 
Measurement, 126 
Mersenne prime, 86, 392 
Mixture problems 
percent mixture, 177-178, 198-199 
value mixture, 175-176, 295-296 
Monomial(s), 315 
products of, 319-320 
quotients of, 332-335 
simplifying powers of, 320-321 
Motion problems, 184-186, 293-295, 
442-444, 527-528 
Moving average, 15, 41 
Multiple, least common, 25 
Multiplication, 12 
Associative Property of, 57 
of binomials, 324-327 
Commutative Property of, 57 
of decimals, 28 
Distributive Property, 59 
of exponential expressions, 319-320 
FOIL method, 324-325 
of integers, 12-14 
Inverse Property of, 58 
of monomials, 319-320 
by one, 58 
of polynomials, 323-327 
applications of, 327 
of radical expressions, 472-474 
of rational expressions, 402-403 
of rational numbers, 27-28 


Index B 


verbal phrases for, 68 

by zero, 58 
Multiplication Property of Equations, 90 
Multiplication Property of Inequalities, 
118 
Multiplication Property of One, 58 
Multiplication Property of Zero, 58, 382 
Multiplicative inverse, 58 


Natural number, 3 
Negative exponent, 333 
Negative integer, 3 
Neilsen ratings, 197 
Negation, 449 
Negative square root, 463 
Newton, 333 
Nonfactorable over the integers, 362 
Number line, 3 
Number(s) 

absolute value of, 5 

abundant, 301 

composite, 391 

deficient, 301 

integer, 3 

irrational, 23 

natural, 3 

perfect, 301 

prime, 391 

rational, 22 

real, 23 

triangular, 80 

whole, 3 
Numerical coefficient, 51 





Obtuse angle, 151 
Odd integers, 141 
consecutive, 142 
operations with, 79 
One 
in division, 14 
Multiplication Property of, 58 
Opposite, 5, 58 
of polynomial, 316 
Ordered pair, 209 
Order of Operations Agreement, 35-37 
and calculators, 41 
Ordinate, 209 
Origin, 209 


Parabola, 521-522 

Pascal's triangle, 346 

Patterns in mathematics, 79, 302 

Percent, 23-25 

Percent equation, 92 

Percent mixture problems, 177-178, 
198-199 

Perfect cube, 381 

Perfect number, 301 

Perfect square, 463, 465 

Perfect square trinomial, 376, 510 


I4 Index 


Perimeter, 149 
formulas for, 149-150 
Plot a point in the plane, 209 
Point-slope formula, 240 
Polynomial(s), 315 
addition and subtraction of, 315-316 
degree of, 315 
division of, 337-339 
factoring, see Factoring 
greatest common factor of the terms 
of, 355 
multiplication of, 323-327 
applications of, 327 
nonfactorable over the integers, 362 
properties of, 347 
Positive integer, 3 
Power(s) 
of exponential expressions, 320-321 
of products, 320-321 
simplifying, of binomials, 346 
verbal phrases for, 68 
Premise, 450 
Prime number, 391 
Mersenne, 86, 392 
Principal, 169 
Principal square root, 463 
Principle of Taking the Square Root of 
Each Side of an Equation, 505 
Principle of Zero Products, 382, 503 
Product Property of Square Roots, 464 
Product(s) 
in multiplication, 12 
of multiplicative inverses, 58 
of radical expressions, 472-474 
simplifying powers of, 320-321 
of the square of a binomial, 325-327 
of the sum and difference of two 
terms, 325-326 
of two binomials, 324-325 
of two rational expressions, 402-403 
Projects and Group Activities, 41, 79, 
126, 197, 262, 302, 346, 391, 451, 489, 
534 
Property(ies) 
Associative 
of Addition, 57 
of Multiplication, 57 
Commutative 
of Addition, 57 
of Multiplication, 57 
Distributive, 59 
of Equations 
Addition, 88 
Multiplication, 90 
of Inequalities 
of Addition, 116 
of Multiplication, 118 
Inverse, of Addition, 58 
Inverse, of Multiplication, 58 
of One, Multiplication, 58 


Product, of Square Roots, 464 
Quotient, of Square Roots, 474 
of Squaring Both Sides of an Equa- 
tion, 479 

of Zero, 58 

Proportion, 425 
applications of, 426-427 

Ptolemy, 3 

Pythagorean Theorem, 482 
applications of, 483, 492 


Quadrant, 209 
Quadratic equation(s), 382, 503 
applications of, 383-384, 527-529, 
533-534 
graphing, 521-523, 534 
solving 
by completing the square, 511-514 
by factoring, 382-383, 503-504 
by quadratic formula, 517-518 
by taking square roots, 505-507 
standard form, 382 
Quadratic formula, 517 
Quadratic function, 521 
Quantifier, 449 
Quotient Property of Square Roots, 
474 


Radical equation, 478 
applications of, 481-483, 492, 493 
Radical expression(s) 
addition and subtraction of, 469-470 
division of, 474-476 
multiplication of, 472-474 
radicand of, 463 
rationalizing denominators of, 475 
simplest form of, 464 
simplifying, 463-466, 474-476 
Radical sign, 463 
Radicand, 463 
Range, 245 
Rate 
interest, 169 
motion problems, 184 
in proportions, 425 
in work problems, 441 
Rate-of-wind or current problems, 
293-295, 527-528 
Ratio, 425 
Rational equations, 423-429 
Rational expression(s) 
addition and subtraction of, 413-416 
division of, 404 
expressing in terms of the LCD, 
408-410 
multiplication of, 402-403 
simplifying, 401-402 
solving equations containing, 423-424 
Rationalizing a denominator, 775 
Rational number(s), 22 


addition and subtraction of, 25-27 
decimal notation for, 22-23 
multiplication and division of, 27-28 
Real number(s), 23 
Properties of, 57-59 
Reasoning 
deductive, 488 
inductive, 40 
Reciprocal(s), 58 
and division, 404 
of rational expressions, 404 
Rectangle, 
golden, 149 
perimeter of, 149, 150 
Rectangular coordinate system, 209 
Relation, 245 
Repeating decimal, 23 
Rhind papyrus, 2, 314 
Right angle, 151 
Right triangle, 481 
Roster method, 3 
Rule for Dividing Exponential Expres- 
sions, 333 
Rule for Multiplying Exponential 
Expressions, 319 
Rule of Negative Exponents, 333 
Rule for Simplifying Powers of Expo- 
nential Expressions, 320 
Rule for Simplifying Powers of Prod- 
ucts, 320 
Rules of exponents, 334 


Scatter diagrams, 211-212 
Scientific notation, 335-337 
Second-degree equation, 503 
Selling price, 163 
Set(s), 3 
element of, 3 
solution, 115 
writing, using roster method, 3 
Sieve of Eratosthenes, 391 
Similar triangles, 427-429 
Simple interest, 169 
Simplest form 
of an exponential expression, 334 
of a radical expression, 464, 475 
of a rate, 425 
of a ratio, 425 
of a rational expression, 401 
Simplifying 
exponential expressions, 319-321, 
332-335 
numerical expressions, 36-37, 41 
radical expressions, 463-466, 474-476 
rational expressions, 401-402 
variable expressions, 59-63 
Slope of a line, 230-232 
applications of, 232-233 
Solution(s) 
of equations, 87, 217 


of inequalities, see Solution set of an 
inequality 
of quadratic equation, see Quadratic 
equation(s) 
of system of equations, 277 
Solution set of an inequality, 115, 256 
Solving equations 
using the Addition Property, 88-89 
by factoring, 382-383 
first-degree, 88-92, 101-106 
applications of, 106-108 
fractional, 103, 423-424 
literal, 437-438 
using the Multiplication Property, 
90-92 
containing parentheses, 105-106 
proportions, 425-526 
applications of, 426-427 
quadratic, see Quadratic equation(s) 
containing radical expressions, 478-481 
rational, 423-429 
systems of, see Systems of equations 
Solving inequalities 
using the Addition Property, 116-117 
applications of, 190-191 
using the Multiplication Property, 
117-119 
containing parentheses, 120 
Solving proportions, 425 
applications of, 426-427 
Square 
of a binomial, 325-327, 376, 510 
of an integer, 463 
perfect, trinomial, 376, 510 
perimeter of, 149, 150 
of a variable, 465 
of a whole number, 34 
Square root(s), 463 
of a2, 465 
of negative numbers, 463 
of a perfect square, 463, 465 
principal, 463 
Product Property of, 464 
Quotient Property of, 474 
table of, 462 
taking, in solving equations, 505 
Stamp problems, 143-144 
Standard deviation, 490 
Standard form of a quadratic equation, 
382, 503 
Straight angle, 151 
Study Tips, 6, 16, 29, 37, 54, 63, 71, 94, 
108, 121, 137, 145, 179 
Substitution method for solving systems 
of equations, 283-285 


Subtraction, 11 
of decimals, 26-27 
of integers, 11-12 
of polynomials, 316 
of radical expressions, 469-470 
of rational expressions, 413-416 
of rational numbers, 25-27 
verbal phrases for, 67 
Sum, 10 
of additive inverses, 58 
Sum and difference of two terms, 
325-326, 375 
Sum and difference of two cubes, 381 
Supplementary angles, 151 
Symbols 
approximately equal to, 23 
degree, 151 
grouping, 36 
inequality, 4 
radical, 463 
Symmetry, 390 
Systems of equations, 277 
applications of, 293-296 
dependent, 278 
inconsistent, 278 
independent, 277 
solution of, 277 
solving 
by addition method, 288-290 
with a calculator, 278, 303-305 
by graphing, 277-279 
by substitution method, 283-285 


Terminating decimal, 22 
Term(s), 51 
coefficient of, 51 
combining like, 59 
constant, 51 
like, 59 
variable, 51 
Transversal, 153 
Translating sentences into equations, 
135 
Translating verbal expressions into vari- 
able expressions, 67—71 
Trial-and-error approach to problem 
solving, 195, 389-391 
Triangle(s), 155 
equilateral, 149 
isosceles, 149 
Pascal’s, 346 
perimeter of, 149, 150 
problems involving the angles of, 155 
right, 481 = 
similar, 427-429 


Index I5 


Triangular numbers, 80 
Trinomial, 315 
factoring, 360-363, 366-372 
perfect square, 376, 510 
Turning points, 347 


Uniform motion problems, 184-186, 
293-295, 442-444, 527-528 
Unit fraction, 2 


Value mixture problems, 175-176, 
295-296 
Variable(s), 4, 51 
in abstract problems, 77-78 
dependent, 247 
history of, 50 
independent, 247 
Variable expression(s), 51 
evaluating, 52-53 
like terms of, 59 
simplifying, 59-63 
translating into, from verbal expres- 
sions, 67-71 
Variable part of a variable term, 51 
Variable term, 51 
Verbal expressions 
for inequalities, 190 
translating into variable expressions, 
67-71 
Vertex of a parabola, 522 
Vertical angles, 152 
Vertical axis, 209 
Vertical line, 224 


Whole numbers, 3 
Word problems, 134 
Work problems, 441-442, 529 


x-axis, 209 
x-coordinate, 209 
x-intercept, 223 

of a parabola, 525 


y-axis, 209 
y-coordinate, 209 
y-intercept, 223 


Zero(s), 3 
absolute value of, 5 
Addition Property of, 58 
in the denominator of a rational 
expression, 401 
division and, 14 
as an exponent, 333 
Multiplication Property of, 58, 382 
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Chapter 1: Real Numbers 


Section 1.1 31. -52<0 
Concept Review 1.1 =~ n . 
1. Sometimes true 39>0 


- Ae ne 58>0 
( = 0, which is not a positive number. The elements —52, —47, and 0 are less than or 


3. Never true - “equal to 0. 
os me value of a number cannot be less 33. -23<-17 
TO. 
-17=-17 
5. Sometimes true 0>-17 
The opposite of a positive number is a negative 4>-17 
number. The opposite of a negative number is a ’ 29>-17 
positive number. The elements -17, 0, 4, and 29 are greater than or 
equal to -17. 
7. Always true 
35. 1<5 
9. Always true 2<5- 
Objective 1 Exercises 3<5 
4<5 
3. -2>-5 S55 
6>5 
5. -16<1 
° 7T>5 
7. 3>=-7 : 8>5 
9>5 
a 0> 3 The elements 5, 6, 7, 8, and 9 are greater than or 
11. -42<27 equal to 5. 
13. 21 >-34 37. -10<-4 
-9<-4 
15. -27>-39 Ried 
i -7<-4 
17. -131<101 Le 
19. {1,2,3,4,5, 6, 7, 8} : -5<-4 
—4=-4 
21s (15253), 455;,657,.3) nigh 
23. {-6,-5, -4, -3, -2, -1} -2>-4 
; -1>-4 
25. -7<2 The elements —10, —9, -8, -7, -6, and —5 are less 
0<2 than -4. 
; a : Objective 2 Exercises 
The element 5 is greater than 2. 41. -22 
27.. -23<-8 43. 31 
~  -18<-8 © 
“§==8 45. 168 
O0>-8 47. -630 
The elements —23 and —18 are less than -8. 
49. -(-18)=18 
29. -35<-10 
-13<-10 51. -(49) =-49 
21> -10 
37>-10 53. [l=16 
The elements 21 and 37 are greater than -10. 
5 55. |12)=12 
57, -{29|=-29 


59, —-14|=-14 


61. 
63. 
65. 


67. 


69. 


71. 


73. 


Chapter 1: Real Numbers 


-W=0 
-p4j=-34 


a. —(-8)=8 


—(—5) =5 

—(-2) =2 
—(1) =-] 
-G)=-3 


b. 8|=8 


5|=5 
}-2|=2 
h\=1 
Bl=3 
84> 5s 
43]<[52 
[68|> [43 
L45|<|61| 


Applying Concepts 1.1 


75. 


THe 
79. 


—19, - 8 |-5}, 6 
22, — (-3), +14), |-25| 


a. Strategy 
¢ From the given table, find the wind-chill 
factor with a temperature of 5°F and a 20-mph 
wind and the wind-chill factor with a 
temperature of 10°F and a 15-mph wind. 
¢ Compare the wind-chill factors. 


Solution 

The wind-chill factor with a temperature of 5°F 
and a 20-mph wind is —31°F. 

The wind-chill factor with a temperature of 
10°F and a 15-mph wind is -18°F. 

—31 <-18 

The 5°F temperature with the 20-mph wind 
feels colder. 


b. Strategy : 
¢ From the given table, find the wind-chill 
factor with a temperature of —S°F and a 
10-mph wind and the wind-chill factor with a 
temperature of —15°F and a 5-mph wind. 
¢ Compare the wind-chill factors. 


Solution 

The wind-chill factor with a temperature of 
—-5°F and a 10-mph wind is —27°F. 

The wind-chill factor with a temperature of 
-15°F and a 5-mph wind is -21°F. 

-27 <-21 

The —15° temperature with the 5-mph wind 
feels warmer. 


81. -4 and 4 


83. -—3 and 11 
85. negative 
87. 0 

89. true 


Section 1.2 
Concept Review 1.2 


1. Sometimes true 
The sum of two negative integers is less than 
either integer being added. 


3. Always true 
5. Always true 


7. Never true 
4(-8) =-32 


9. Never true 
8-4#44-8 


Objective 1 Exercises 
3. -3 + (-8)=-11 


B45) a09 

7 64) a3 

9. 6+7=1 

11. 2+(-3)+(-4) =-1+(-4) 

25 

2B. -34(-12)+-15)=-15+C15) 

==30 

15. -17+(-3)+29 =-20+29 

=9 

17. -34+(-8)+12=-11412 

z=) 

19. 13+(-22)+4+(-5)=-9+4+4(-5) 
=-§4¢5) 
==10 

21. -22+10+2+(-18) =-12+2+(-18) 
=—10+(-18) 
= a8) 


23. —126+(—247) + (—358) +339 
= —373 + (—358) +339 
= -731+339 
=-392 


Objective 2 Exercises 


27. 16-8=16+(-8) 
=8 


29. 7-14=7+(-14) 
=-7 


31. 3-(-4)=3+4 
=7 

33. -4-(-2)=-4+2 

=-2 

35. -12-16=-12+(-16) 

=—28 

37. 4-5-12=4+(-5)+(-12) 

=~-1+(-12) 
=-13 

39. -12—(-3)-(-15)=-12+3+15 
=-9+15 
=6 

41. 13-7-15=13+(-7)+(-15) 

=6+(-15) 
=-9 

43. -30-(-65)-—29-4 =-30+65+(-29) +(-4) 

= 35+(-29) +(-4) 
=6+(-4) 

45. -16-—47-63-12 =-16 +(—47)+(-63) +(-12) 
= —63 + (-63) + (—12) 
=—126+(-12) 
=—138 

47. -47-(-67)-13-15 = —47+ 67 +(-13)+(-15) 

= 20+(-13)+(-15) 
=7+(-15) 
=-8 

Objective 3 Exercises 

51. 14-3=42 

53. 5(-4) =-20 

55. -8(2) =-16 

57. (-5)(-5) = 25 

59. (-7)(0) =0 

61. -24-3=-72 

63. 6(-17) =-102 

65. —4(-35) = 140 

67. 5-7(—2) =35-(-2) 

=-70 

69. (-9)(—9)(2) = 81(2) 

=162 

71. -5(8)(-3) = —40(-3) 

=120 

73. -1(4)(-9) =—4(-9) 

= 36 
75. 4(-4)-6(—2) =-16-6(—2) 
—96(—2) 


192 


77. 


79. 


Section 1.2 3 


—9(4)-3(1) = -36-3(1) 
~  =-108(1) 
=-108 


—6(—5)(12)(0) = 3012)(0) 
= 360(0) 
=0 


Objective 4 Exercises 


81. 
83. 
85. 
87. 
89. 
91. 
93, 
95. 
97. 
99. 
101. 
103. 
105. 
107. 
109. 


12 + (-6) =-2 
(-72) + (-9) =8 
0+(-6)=0 
45 + (-5) =-9 
-36+4=-9 
-81+(-9)=9 
72 + (-3) =-24 
—60 +5 =-12 
78 + (-6) =-13 
-72+4=-18 
-114 + (6) =19 
—130 + (-5) = 26 
-132 +(-12)= 6 
—182 + 14=-13 
143 +11=13 


Objective 5 Exercises 


111. 


113. 


115. 


Strategy 
To find the temperature, add the rise in 
temperature (9°) to the original temperature (—6°). 


- Solution 


-6+9=3 
The temperature is 3°C. 


Strategy 

To find the difference, subtract the low 
temperature (—4°C) from the high temperature 
(10°C). 


Solution 
10-—(-4) =10+4 
=14 
The difference is 14°C. 


Strategy 

To find the difference, subtract the temperature at 
which mercury freezes (-39°C) from the 
temperature at which mercury boils (360°C). 


Solution 
360 — (—39) = 360 + 39 


= 399 
The difference is 399°C. 


117. 


119. 


121. 


123. 


125. 


127. 
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Strategy 

To find the difference, subtract the elevation of 
the Caspian Sea (—28 m) from the elevation of 
Mt. Elbrus (5634 m). 


Solution 
5634 —(—28) = 5634+28 


= 5662 
The difference in elevation is 5662 m. 


To find the difference, subtract the elevation of 
the Qattara Depression (-133 m) from the 
elevation of Mt. Kilmanjaro (5895 m). 


Solution 
5895 —(—133) = 5895 +133 


= 6028 
The difference in elevation is 6028 m. 


Strategy 

To find the difference, subtract the elevation of 
the Dead Sea (400 m) from the elevation of 
Mt. Everest (8848 m). 3 


Solution 
8848 — (—400) = 8848 + 400 


= 9248 
The difference in elevation is 9248 m. 


Strategy 

To find the average daily high temperature: 
e Add the seven temperature readings. 

e Divide by 7. 


Solution 

-8 + (-9) +6 +7+(-2)+(-14) +(-D) 
=-17+6+7+(-2)+(-14)+(-D) 
=-11+7+(-2)+(-14)+(-1) 
=—4+(-2)+(-14)+(-1) 
=-6+(-14)+(-1) 

=-20+(-1) 


=-21 
-21+7=-3 


The average daily high temperature was —3°C. 


Strategy 
To find the drop in temperature, subtract the lower 
temperature from the higher temperature. 


Solution 
44 —(—56) = 45 +56 
=100 
The temperature dropped 100°F. 
Strategy 


To find the difference, subtract the value for 1994 
from the value for 1993. 


Solution 
—393 —(-—685) = 292 
There was a difference of $292 million. 


129. 


131. 


133. 


135. 


137. 


Find the difference between the values 
represented by the largest “positive” bar and the 
largest “negative” bar. 


Solution 

1025 — (-1229) = 2254 

The greatest difference is between the years 1997 
and 1992. The difference is $2,254 million. 


Strategy 

To find the score: 

¢ Multiply the number of correct answers by 7. 

° Multiply the number of incorrect answers by —3. 
* Multiply the number of questions left blank by 
-1. 

e Add the results. 


Solution 

(17)(7) =119 

(8)(-3) = -24 

(2)(-1) = -2 

119 + (—24) + (-2) = 93 
The students’s score was 93. 


Strategy 

To calculate the 5-day moving average, determine 
the average of the stock for days 1 through 5, days 
2 through 6, days 3 through 7, and so on. 


Solution 
Days 1-5 
-110 +(—290) + 70 +140 + (—230) = —420 
420 _ _g4 
5 
Days 2-5 
—290 + 70 + 140 + (—230) + (440) = —750 


oie a50 
5 


Days 3-7 
70 +140 + (—230) + (—440) + 120 = —340 
Days 4-8 


140 + (—230) + (—440) +120 +100 = -310 
aoe -62 
5 
Days 5-9 
—230 + (—440) +120 +100 +290 = -160 


Days 6-10 
—440 +120 + 100 + 290 + (—20) = 50 


—=10 


The 5-day moving average is -84; —150, -68, -62, 
—32, and 10. 


Applying Concepts 1.2 


3—(-4=[17]=17 
lis—21]=}-3]=3 


Section 1.3 


139. -4,-9,-14 5. Always true . 
141. -16,4,-1 7. Never true’ 
To write a decimal as a percent, multiply by 100 
> aes and write the percent sign. 
145. a. B+4|=p]+/4] 9. Always true 
[]=3+4 ce ; 
1=7 - Objective 1 Exercises 
gime 0.333 
1. 3)1.000 
b. B-4]=)-14 Me 
|-]=3-4 = 
1#-1 : 
False mit 
10 
c. 4+3|=[4]+p| ; Fe 
[7J=4+3 1 
7=7 1 = 
T ‘ue 3 = 0.3 
d. |44-3|=|4|-p| 0.25 
fj=4-3 3. 4)1 .00 
1=1 = 8 
True 20 
147. Fora, b, and c, if x =3 and y=-2, -20 
0 
a [x+y Sx] +] eee 
+ (-2)|< ]+}-2| Ate 
! ee 5. 5)2.0 
rue | ~20 
b. [x+y=bl +) eo 
B+ (—2)| =] +}2| 504 
fj=3+2 
1#5 0.166 
False 7. 6 1.000 
- 6 
ce — /e+2b|+b 40 
B+(-22B]+|-2| - 36 
fi|>3+2 “40 
145 ' -36 
False 4 
The answer is a. ub =0.16 
6 
149. No. For example, the difference between 10 and 
-8 is 18, which is greater than both 10 and -8. : 0.125 
9. 8)1.000 
Section 1.3 ae 
Concept Review 1.3 . ze 
1. Never true . “40 
The rule for multiplying fractions is to multiply _ 40 
the numerators and multiply the denominators. fol 
3. Sometimes true 1 = 0.125 


; is a rational number and is represented by the 


repeating decimal 0.3. 
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-96 


~36 


gs 0.583 
12 


0.266 
17. 15) 4.000 
-30 
100 
-90 
100 
-90 
100 
—90 
10 


— =0.26 


Real Numbers 


0.5625 


19. 16)9.0000 
-80 
100 
-96 
40 
-32 
80 
- 80 
0 


ae 0.5625 
16 


0.24 

21. 25)6.00 
~50 
100 . 

— 100 

0 


oe 0.24 
25 


0.225 
23. 40)9.000 
- 80 
100 
— 80 
200 
— 200 
0 


2s = 0.225 
40 


0.68181 
25. 22)15.0000 
—132 
180 
= £16 
40 
-22 
180 
-176 
40 
-22 
15 ei 
ay 7 0-681 


0.45833 
27. 24)11.0000 
-96 
140 
- 120 
200 
-192 
80 
-2 
80 
-2 
8 
11 = 
A 0.4583 


0.1515 

29. 33)5.0000 
-33 
170 
- 165 


0.081081 
31. 37 3.000000 
~ 296 
40 
-37 
30 
-0 
300: 
~ 296 
40 
-37 
3 


3 a 
— =0.081 
37 
Objective 2 Exercises 
1 73493 
35. 75%= =—=— 
75% 7 a) 
75% = 75(0.01) = 0.75 


1) 50 V1 
37. 50%=5 == 
i d=) 


50% = 50(0.01) = 0.5 
: 1 64 16 
39. 64% = 64{ |= = 3 
64% = 64(0.01) = 0.64 


ss) = 175 =12 


41. 115% =179 Oo a 


175% =175(0.01) = 1.75 


43. 


45. 


47. 


49. 


51. 


- 83, 


55. 


57. 


59. 
61. 
63. 
65. 
67. 
69. 
71. 
73. 
75. 
77. 


79. 


81. 


83 e 


85. 


87. 


Section 1.3 


19% =1 |= 
100) 100 


19% = 19(0.01) = 0.19 
sm={ 2) = 5 at 

100) 100 20 
5% = (0.01) = 0.05 


450_ 1 


450% = asd : a) =4— 
100) 100 2 
450% = 450(0.01) = 4.5 


emf |= a2 
100) 100 25 


8% = 8(0.01) = 0.08 


Soper 
9 9\100 9 \100) 9 
4 100 4 Pr 16 
ibe 44), bef 
2, 100/ 200 


clyael(1). zt are 
4° 4\100 100) 16 


7.3% = 7.3(0.01) = 0.073 
15.8% =15.8(0.01) = 0.158 
9.15% = 9.15(0.01) = 0.0915 
18.23% = 18.23(0.01) = 0.1823 
0.15 = 0.15(100%) = 15% 

0.05 = 0.05(100%) = 5% 
0.175 = 0.175(100%) = 17.5% 
1.15 =1.15(100%) = 115% 
0.008 = 0.008(100%) = 0.8% 
0.065 = 0.065(100%) = 6.5% 


21'_ 2 09%) = a 
50 50 





%o = 54% 


1 G00%) = 1, = 33.3% 


== (100%) =m = 44.4% 


500 


= > (100%) = eO.% = 250% 
2 2 





7 
2 


3 3 400%) = om = 315 % 
8 8 8 
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89. S = 5 100%) = 7% =352 % 
14 14 


91. 


1 5 100%) = 300% = 125% 
44 4 

os 1400 5 
9 





93. (100%) = ai 
Objective 3 Exercises 


S, 24s 2 yp ee 





99, ->-2=-—-— = + 
12 Se 24 24 AA 
pe 
24 24 
toi ee ey ee 
135-26 © 9265 26 S26 26 
_-12417_ 5 
26 26 


103. -3-(-0)--345- 15,22 
Bintl, path pad 
Ig eee 


+ = ol 

164 8 16 16 16 

5 Ag elt 50122 Cle) 
16 16 16 16 


+———— 
12 8 
_ 18) 14-721 18 =2i 


WDA 2A POAG BA a 4 
— 18+14+(-21) _ 11 


24 24 





5 Bd SAS eel 
2 Sol] te este te 
4 3-(-5\+4 $12 <3 
th eS: 
ie Sk Ok 
_15+10+8 _ 33 11 
ah 245) 8 
=7.'14 8 5 294. 120 
2 et et -  t  YH 
is 9 15 21 315 315° 435 
_ 2245 , 294 | 120 
315 315 315 
_ -245+294 +120 
z 315 
_ 169 
~ 315 
117. 27.1 
+ 6.7 
38.8 ; 
-32.1- 6.7 = -38.8 
119. 13.092 
- 69 
6.192 
-13.092 +6.9 =-6.192 
121. 5.43 
+ 7.925 
13.355 
5.43 + 7.925 = 13.355 
123. . 8.546 
—3.87_ 
4.676 


—3.87+ 8.546 = 4.676 
125. 2.09-6.72-5.4=-4.63-5.4 


= -10.03 
127. -18.39+4.9-23.7 =-13.49-23.7 
= -37.19 

129. -3.07—(-2.97)-17.4 = -3.07+2.97-17.4 
=-0.10-17.4 
=-17.5 

131. 317.09- 46.902 + 583.0714 

= 270.188 + 583.0714 


= 853.2594 
Objective 4 Exercises 


139. 


141. 


143. 


145. 


147. 


149. 


151. 


153. 


155. 


157. 
159. 


ie aa) 
2-2:2:2:2-2 64 
3. 23)4 345 
So 422651 8y1 
et Te 
~3:22_3 
2:22 2 
nt 


5 15 {; 3) 5 22) 
—F —— = —_—+— |= sa 
1 99 939 12 15 


(42-15 


1 tel 
=e $-22-2-2.2| 8 
223-33 | 9 
WG) 1 


3.47 
an. 
6.94 
347 
4.164 
(1.2)(3.47) = 4.164 


1.89 | 
xXie2.3 
567 
378 
4.347 
(-1.89)(—2.3) = 4.347 


1.06 


- x 3.8 


848 
318 
4.028 
(1.06)(—3.8) = —4.028 


(1.2)(-0.5)(3.7) = -0.6(3.7) 
= -2.22 


(-0.8)(3.006)(-5.1) = (-2.4084)(-5.1) 
= 12.26448 


0.747 
1,7,)1,2,700 
- 119 
80 

$8 
120 
“119 


1 
-1.27+(-1.1) = 0.75 
—354,2086 + 0.1719 = -2060.55 
(-3.92) + (45.008) = 0.09 
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Applying Concepts 1.3 


161. natural number, integer, positive integer, rational 
number, real number 


163. rational number, real number 
165. irrational number, teal number 


167. Strategy 
To find the cost, add the cost for the first ounce 


($.33) and the cost for the remaining 35 ounces 
($.22 times 4). 


Solution 


0.33 + 0.22(4) = 0.33 + 0.88 
=e 
The cost is $1.21. 


169. Strategy 
Find the difference between the values 
represented by the largest “positive” bar and the 
largest “negative” bar. 


Solution 


3.713 —(—2.551) = 6.264 
The difference is the greatest for the years 1993 
and 1994. The difference is $6.264 billion. 


171. The new fraction will be greater than = 


For example Liische and ae 
PSA ete CR Se 


173. x+0.06x = 1x +0.06x = (1+0.06)x =1.06x 


175. Strategy 
To find the price, find a whole number less than 
60 that divides evenly into 5459. 


Solution 
5459 + 53 = 103 
The price during the sale was 53¢. 
177. Yes, we can find the average of a and b, which 


would be c= ; 





Section 1.4 


Concept Review 1.4 
1. Never true 
(-5)* =25, -5” =-25, and —(5)? =-25 
3. Never true 


In the expression 3°, 3 is the base and 8 is the 
exponent. 


5. Always true 


7. Never true 
The order of Operations Agreement was adopted 
so that there could be no more than one correct 
answer to a problem. 


9, Never true 
(23)? =64, 2° =512 


10 
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Objective 1 Exercises 


1. 
3. 


De 


11. 


13. 


15. 


17. 
19. 


21. 


25. 


27. 


31. 


33. 


35. 


37. 


6* =6-6=36 
-T =-+(7-1) =-49 
Gay C9 
(-3)* =(—3)(-3)(-3)(-3) = 81 
(3) -@)G) 
Dich NO 
ee 
3) eA, 


(0.3)* =(0.3)(0.3) 
= 0.09 


(0.3)? -23 = (0.3)(0.3)(0.3)-2-2-2 
= (0.027):8 = 0.216 


(-3)-2? =(-3)-2-2=-3-4=-12 
(-2)-(-2)? = -2-(-2)(-2)(-2) = (-2)(-8) = 16 
23.33 .(-4) =2-2-2-3-3-3-(—4) = 8-27-(—4) = 216(-4) = -864 


(-1)-4? -3? =(-7)-4-4-3-3 =(-7)-16-9 =—112-9 = -1008 


4 2 3-3-3 22SS 
(2) 3 222.133.3202: 21 (3:3 _ 22333 


8? .(-3)> -5 =8-8-(-3)(-3)(-3)(-3)(-3) 5 = 64 - (-243)-5 = -15,552-5 = -77,760 


22 .3-3=4.3-3 39. -27 +4[16+(3—-5)]=—27 +4{16+(-2)] 
=12-3 =-2? +4[-8] 
=9 =-4+4[-8] 

16-32+23 =16-32+8 = Oe ea 

=16-4 = 
=i 2 
P 41. 2+ (-5)=24+3-(-5) 
8-(-3)? -(-2)=8-9-(-2) PONS Aba 
=8-9+2 ae 
ae ied 
at ={3 
2 = 2 
14-2 sods rita 43. 4-[16-(7-1)]+10=4-[16-6]+10 
=14=2? =3 = 4-[10]+10 
=14-4-3 = 40+10 
=10-3 5 


=7 


45. 


: 47. 


49, 


51. 


53. 


ish 


18+[9~29]+(-3)=18 + |9-9]+ (3) 
=18 +|I] +(—3) 
=18+1+(-3) 
=18+(-3) 
=15 


4(-8) + [2(7 - 3)?] = 4(-8) + [2(4)"] 
= 4(-8) + [2(16)] 
‘= 4(-8)+[32] 
= —-32+32 
=-] 
3 
16-45 ig aa 
2° +2 8+2 
16-4 oad 
10 
=16-4-2-4 
=16-8-4 
=8-4 
care 





0.3(1.7 - 4.8) +(1.2)* = 0.3(-3.1) +(1.2)* 
= 0.3(-3.1)+1.44 
=-0.93+1.44 
=0.51 


(1.65-1.05)” + 0.4 + 0.8 = (0.60)? +0.4+0.8 


= 0.36+0.4+0.8 
=0.9+0.8 


Applying Concepts 1.4 


57. (0.9)? <1> because 0.729 < 1 


59. (-1.1)2 >(0.9)? because 1.21 > 0.81 


61. 1° +22 +3°+43 =14+8+27+64 


=9+27+64 
= 36+64 
=100 


63. (-2)? +(-4)? +(-6)? +(-8)* =44+16+36+64 


=20+36+64 
= 56+ 64 
=120 


65. 


67. 


69. 


Focus on Problem Solving 11 


108 + 6,000,000 = 100,000,000 + 6,000,000 
S167 
3 


It will take the computer approximately 17 s to do 
the additions. 


34! =34 

347 =1156 
.343 = 39,304 

344 = 1,336,336 
34° = 45,435,424 


Even powers of 34 have 6 in the ones digit. 3.4202 
has a 6 in the ones digit. 


27! =27 

277 =729 

273 =19,683 

274 = 531,441 

27° =14,348,907 

27° = 387,420,489 

27822 = 77820 k 272 

27% has a 1 in the ones digit. 
27% has a9 in the ones digit. 


Focus on Problem Solving 


1. 
2. 
3. 
4. 
5. 


The next two terms in the sequence are 3 and 5. 
The next two terms in the sequence are 7 and 5. 
The next two terms in the sequence are 22 and 29. 
The next two terms in the sequence are N and O. 


The next shape in the sequence is 


[4 


. The next shape,in the sequence is |||leee. 


+ -009,2 =018 2-=037, 
11 11 11 
+036, = 055 

11 11 
From observation, the quotient of this sequence is 
the product of the numerator of the given fraction 
and 0.09. Using this observation, convert the 
following fractions to decimals. 

8 ey 54 G3 and 081 

11 11 11 


12 


8. 
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1 ~— 2 
— =0.03, — 
33 3 
2015 = 001 
33 33 p 
From observation, the quotient of this sequence is 
the product of the numerator of the given fraction 
and 0.03. Using this observation, convert the 
Sue fractions to decimals. 


=; 13 Sy AS 
— = 0.24, — = 0.39, — =0.57 
x . 33 33 


= 0.06, 


~~ Ww 
‘ls 


Projects and Group Activities 
Calculators 


= 
e 


9. 


10. 


3-(15—2-3)-35+3=15 
4-27 -(12+24+6)-5=-5 
16+4-34+(3-4-5)+2=21 
15-349 +(2-6~3)+4=18 
-16+2=-8 

3(-8) = -24 

7—(-9) = 56 

-50—(-14) = -36 

4-(-3)? =-5 


-8+(-6)? -7=21 


www.fedstats.gov 


1. 


2. 
3. 


4. 


5. 


6. 


There was a surplus in the years 1789-1849, 
1901-1903, 1906-1907, 1911-1914, 1916, 
1920-1930, 1947-1949, 1951, 1956-1957, 1960, 
and 1969. 


The deficit was the greatest in 1992. 


This year (1999) the surplus is estimated to be 
$9,519 million. The deficit 5 years ago (1994) was 
—$203,104 million. The difference is $212,623 
million. 

The deficit a decade ago (1989) was -$152,481 
million. The difference is $162,000 million. 


The outlays are subtracted from the receipts to 
find the number in the surplus or deficit column. 


In the past decade, the federal deficit increased the 
first three years then greatly decreased the next 
seven years. 


Chapter Review Exercises 


1. 


2. 


{1, 2, 3, 4,5, 6} 


2-2 —(100%) = eh = = 62.5% 


ota = 


4. 16-(-30)-42 =16+30+(—42) 
= 46 + (-42) 
=4 


5. -561+(-33)=17 
0.777 


6. 9)7.000 
— 6.3 
70 
3 
70 
ao 
2 


7. 6.02 

x 0.89 

5418 

4816 

5.3578 
(6.02)(-0.89) = -5.3578 


s+ 6e ee x6 
2+(-4) 3 
=4+2+6 
=2+6 
=8 





9. 4 
10. 16-30=16+(-30) 
=-14 
11. 0.672 = 0.672(100%) = 67.2% 


12. 195 % =79— s(as)= (5 a) ao 
100 100) 200 


13. -72+8=-9 


0.85 

14. 20)17.00 
- 160 

100 

- 100 


15. <+(-3} = {4+3) 
12 6 12 6 


16. 37-4+20+5=9-4+20+5 . 
=9-44+4 
=5+4 
=9 


17. -1<0 


18. 
19. 


20. 


21. 


es 


23. 


25. 
26. 


27. 


29. 


30. 
31. 


32. 


33. 


—22 +14 +(-8) =—-8 + (-8) 
=-16 
(-5)(-6)3) = 30(3) 
=90 
12.920 
— 6.039 
- 6.881 
6.039 —12.92 = -6.881 
-5<-3 tre 
-3<-3 tne 
O<s-3 false 
—5 and —3 are less than or equal to -3. 
7% = 7(0.01) = 0.07 


ee ae 
Oo 





aS) hang 
=—-14=—-— 
Av Ams 
3-2-2-2-2 
22 
| Yas 
—2>-40 . 
13 + (-16) =-3. 
(-4)(12) = -48 
bed soca Osage D 
5 15 15 15 
wee Te: OE 
15 15 
= 
15 
(-33)-2? =-(3-3-3)-(2:2) 
= -27-4=-108 
Ney 25 
2— =2~—(100%) = — (100% 
5 9° o) 9S o) 
= 2500 _ 477.8% 
9 
240% = 240(0.01) = 2.4 
2 
7-21=7+(-21) 
=-14 
96 + (-12) =-8 
0.35 
20)7.00 
-6.0 
100 
-100 
0 


35. 


36. 


37. 
38. 


39. 


40. 


41. 


42. 


43. 
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7283 {2 3) {2 | ] 
-— +} — = ——-~- — | = ——eae | = —— 
16 8 16 8 16 3 16:3 
Leis 
oor ae 
1 2 2 2 a) 
it 


23 +4-2(2-7)=8+4-2(2-7) 
=8+4-2(-5) 
=2-(-10) 
=2+10 
=12 


-3|=3 

12-(-10)-4 =12+10+(-4) 
=22+(-4) 
=18 


28 = 23 100%) = 26 100%) 
9 9 9 


200 % = 288% 





a. —(-12)=12 
—(-8) =8 
-(-1)=1 

—-(N)=-7 


b. -12)=12 
Hi-8 
Li=1 

W=7 


(—204) + (-17) = 12 
0.6363 


11)7.0000 
~ 6.6 
40 
~33 
70 
~ 66 
40 


11.53 
0.023. )0.265.40 
-23 
35 
-23 
124 
-115 
90 
- 69 
21 
0.2654 + (—0.023) = -11.5 


14 


45. 
46. 


47. 


48. 


49. 


50. 


51. 


52. 


53. 
54. 


SDs 


56. 


Chapter 1: Real Numbers 


(7-2)? -5-3-4=57 -5-3-4 


=25-5-3-4 
= 2 Said 
= 20-12 

=8 


8>-10 


-12+8+(-4) =-4+4 (+4) 
=-8 


2(—3)(—12) = -6(—12) 
'=72 


-24>-19 false 
-17>-19 tre 
—-9>-19 true 
O>-19 tme - 
4>-19 tme 
The numbers —17, —9, 0, and 4 are greater than 
-19. 


0.002 = 0.002(100%) = 0.2% 


2 
~ (3) --4-9 (2.2) 
Ne Dare 


2-16. = —-— oe 
4 1 4 
4.890 
— 1.329 
3.561 
—1.329 + 4.89 =3.561 
41}=-17 


—5 — 22 —(-13)-19 —(-6) 
= 5+(-—22)+13+(-19)+6 
—27+13+(-19)+6 


=-14+(-19)+6 
= -33+6 
=-27 
Glsha)-G-3a)-533) 
3X 5A8 358 3-5-8 
tole 
i M28 6 Scat 
35-22-21 10 
1 {1 


—43 <-34 


Bile 


58. 


59. 


60. 


61. 


62. 


63. 


65. 
66. 


67. 


68. 


69. 


70. 


0.72 


25)18.00 


-175 
50 

- 50 
0 


A 0.72 
25 


(-2)3 -4? = (-2)(-2)(-2)-(4-4) 
=-8-16=-128 


0.075 = 0.075(100%) = 7.5% 


19 19 1900 2 
19 _P qo0%) = ee =542% 
a5 35 agg eae 


14+(-18) +6 +(—20) =—4+6+(-20) 
=2+(-20) 
=-18 


—4(—8)(12)(0) = 32(12)(0) 
= 384(0) 
=0 





2? -74+16+(-3+5)=2°-7+16+2 
=8-74+16+2 





—128 + (-8) = 16 
-57 < 28 


Gye 


~7 + (-3) + (-12) +16 =-10+(-12) +16 
= 22416 
=+6 


5(—2)(10)(-3) = -1000)(-3) 
= —100(-3) 
=300 


{-3, -2,-1)] 


71. 


72. 


73. 


74. 


75. 


Strategy 

To find the temperature, add the rise in 
temperature (14°) to the original temperature 
(-6°). ' 


Solution 
-6+14=8 
The temperature was 8°C. 


Strategy 

To find the average low temperature: 
* Add the three temperature readings: 
° Divide by 3. 


Solution 

—8 +7 +(-5) =—1+(-5) 
=-6 

-6+3=-2 


Strategy 
To find the difference, subtract the low 
temperature (—5°) from the high temperature (8°). 


Solution 
8-(-5)=8+5 
=13 . 
Strategy 
To find the temperature, add the rise in 


temperature (7°) to the original temperature 
(-13°). 
Solution 


-13+7=-6 
The temperature was —-6°C. 


Strategy 

To find the difference, subtract the temperature on 
Pluto (—234°) from the temperature on Venus 
(480°). 


Solution . 
480 — (—234) = 480 + 234 


=714 
The difference is 714°C. 


Chapter Test 


1. 


—2<-5 false 
-8 and —6 are less than —5. 


-9-(-6)=-9+6 
=-3 


10. 


11. 
12. 


13. 


14. 


15. 


16. 


17. 


18. 


Chapter Test 15 


0.85 


20)17.00 
- 160 
100 
- 100 
0 
17 
50 = 0.85 


-3)-24) 





tet 
-{#)- 32 
4-21 234 
1 1 
opel 
14 
-15+5=-15 
a ep eM Lop NG 
Ie 
3 3K 3K 3 
EMSee als 2. 28 
7 oe 13 
-7+(-3)+12 =-10412 
=2 
{1, 2, 3,4, 5, 6} 
1.59 = 1.59(100%) = 159% 
|-29| = 29 
-47 > -68 
TRB S eer Oral 











18 18 18 
—6(-43) = 258 
ge ee ep ake es 
37-1 9-1 
ahr -6 
8 
=8+1-6 
=9-6 
=3 
-5,(-2).5.3 
8 \ 4) 8 4 
11 
gee onan De 
83 83 222.3 
aid 
6 
Be 00%) =e 
ean) 13 


= 23.1% 
6.2% = 6.2(0.01) = 0.062 
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19. 


20. 


21. 


22. 


23. 


| 25. 
26. 
27. 


28. 


29. 


30. 


31. 


Chapter 1: Real Numbers 


13 —(-5)-—4=13+5+(-4) 
=18+(-4) 
=14 


0.433 


30)13.00 
= 120 
100 
- 90 
100 

- 90 

10 

13 = 


= =0.43 
30 


2.7 

x 0.9 

2.43 
(-0.9)(2.7) = -2.43 





—180+(-—12)=15 


2? .(-4)? -10 = -(2-2)-(—4)(-4)-10 








=4-16-10 64-10 
= 640 
15+(-8)+(—19) = 7+(-19) 
==12 
-|-34] = -34 
53 >-92 
e “clei 
-(-6) =6 
Eee es 
—(9)=-9 
b. H1A=17 
|-6| = 6 
|-5]=5 
|-9|=9 
16-46 1600 
cee (100% ee 
oF ag A ay” 
=6913.% 
23 
18.354 
= 697 
11.384 


—18.354 + 6.97 = -11.384 
—4(8)(-5) = -32(-5) 


=160 
9(-4) +[2(8 — 5)7] = 9(-4) + [2(3)?] 
= 9(-4) +[209)] 
= 9(-4) +(18) 
—36+18 


—2 


32. 


33. 


Strategy 

To find the temperature, add the rise in 
temperature (12°) to the original temperature 
(-8°). 

Solution 


—-8+12=4 
The temperature was 4°C. 


Strategy 
To find the average high temperature: 
¢ Add the four temperatures 


¢ Divide by 4. 

Solution 

—8 +(-6)+3+(-5) =-14+3+(—5) 
=-11+(-5) 
=-16 

-16+4=-4 


The average high temperature was —-4°C. 


Chapter 2: Variable Expressions 


Section 2.1 
Concept Review 2-1 
1. Always true 


3. Sometimes true 


_ Any real number could be substituted for x. 


5. Always true 
‘Objective 1 Exercises 
1. 2x, 5x, =8 


3 6, -a* 


5. Ix’y, 6xy” 


7. coefficient of x7:1 
coefficient of —9x. -9 


9. coefficient of n>: 1 


coefficient of —4n?: -4 
coefficient of —n: —1 


13. a-—2c 
2—-2(—4) =2-(-8) 
=2+8 
=10 


15. 2c? 


2(—4)? = 216) 
=e. 


17. 3b-3c 
3(3) - (4) = 9 -(-12) 
=9+12 
=A 
19. -3c+4 : 
—3(-4)+4=12+4 
=16 
21. 6b + (-a) 
. 6(3)+(-2) =18+(—2) 
23. —2ab+c 
=2(2)(3) + (4) = —4(3) + (-4) 
=-12+(-4) 
i 


25. b*-c? 
3? -(-4)? =9-16 
at 
27. a2 +b? 


27 +37 =449 
=13 


29. 


31. 


33. 


35. 


37. 


39. 


41. 


43. 




















(b-a)? +4c 
(3-2)? + 4(—4) = 17 +.4(-4) 
=1+(-16) 
=-15 
feb 
6 
5(2)(3 
— —3(-4)(3) = 2 -(-36) 
ee (-36) 
=5+36 
=41 
b+c 
d 
4+(-1)_3 
3 3 
=1 
2d+b 
-a 
2(3)+4 _6+4 
=(—2) Z 
_10 
=5 
b-d 
c-a 
4-3 4-3 
=o 
ae 
1 
=1 
(b+d)* -4a 
(443)? —4(-2) =7? -4(-2) 
= 49 -(-8) 
=49+8 
=57 
(d-a)? +5 
B-(-2)? +5=[3 +2)" +5 
=57+5 
=25+5 
=5 - 
b* -2b+4 
—2(4)+4=16-8+4 
=8+4 
=12 
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45. 


47. 


49. 


51. 


53. 


55. 


57. 


59. 


Chapter 2: Variable Expressions 





bd 
—+C 
a 
MO i) ata 
= +(-1) mak 1) 
=-6+(-1) 
=6 
2(b+c)—2a 
2[4 + (-1)]— 2(-2) = 2(3) - 2(-2) 
=6-(-4) 
=6+4 
-=10 
b-2a 
be? -d 


4-2(-2) _4-(-4) 
4(-1)*-3 4(1)-3 








_ 444 
~ A(l)-3 
ee 
4-3 
+ 8. 
1 
3 
Law3 
3 8 
1 p23 (2 - 1 (9)-3 
3 (3) (4)* = 3 (9) gt) 
=3-6 
=-3 
—4bc 
2a—b 
-4(4(-1) __16 
Oy ee 
_ 16 
-8 
=-2 
a -3a2 +a 
(-2)? - 3(-2)? +(-2) = -8-3(4) + (-2) 
==8—-124(2) 
= -20+(-2) 
=-22 
ae euc tbe) 
4 2 
3 1 3 1 
7 * slOCD +4(3)]= “ee + le +12] 
3 1 
= igo ae 
=-3+7 
= 4. 


(b-a)? -(d-c)* 

[4-(-2))? -[3-(-)?’ =[44+2)? -[3 +17 
=62-42 
= 36-16 
= 20 


61. 


63. 


65. 


67. 


69. 


71. 


73. 








4ac + (2a)? 

4(—2)(—1) + [2(-2)]* = 4(-2)(-1) + (-4)? 
= 4(-2)(-1) + 16 
=8+16 
= 24 

ec —ab 

(-0.8)? —(2.7)(—1.6) = 0.64 —(—4.32) 
= 0.644 4.32 
= 4,96 

3 

Be 4a 

c 

(-1.6)7 4. _ ~4.096 _ 

8-0 wee 
=5.12-10.8 
=—5.68 

Strategy 


To find the volume, use the formula for the 
volume of a cylinder. 

Solution 

V=nr-h 

V = 2(1.257)(5.25) 

V=25.8 

The volume is approximately 25.8 in?. 
Strategy 


To find the area, use the formula for the area of a 
trapezoid. 


Solution 


1 
= an + by) 
A= 5 (6.75075 +10.25) 


= 5 (6.15)(27.15) 


A= 93.7 cm? 
The area is approximately 93.7 cm?. 
Strategy . 


To find the volume, use the formula for the 
volume of a cylinder. 


1 1 
= ao = 5) =3.5 

Solution 

V=nr7h 

V = n(3.5)7(12.6) 

V = 484.9 
The volume is approximately 484.9 m?, 


Applying Concepts 2.1 


Hat 
H(-21-3}= +24 
=24 


75. 


77. 


79. 


81. 


83. 


BOE) 


1 )6 
3 


Be 
3) 


al 


eZ 


[sat ~8a7b?| 








Dy =e =23 32 
=8-9 
=-1 

z* =(-2)? =4 


yo) =32 
=34 
=81 


Section 2.2 


Concept Review 


1. 


7. 


Never true 

The Commutative Property of Addition states that 
two terms can be added in either order and the 
sum will be the same. 


Always true 
Always true 


Never true 
3(x + 4) =3x + 12 is the correct application of the 
Distributive Property. 


Objective 1 Exercises 


1. 
3. 
5. 
7. 
9. 
11. 
13. 
15. 
17. 
19. 


2 

5 

6 

-8 

4 

The Inverse Property of Addition 

The Commutative Property of Addition 

The Associative Property of Addition 

The Commutative Property of Multiplication 
The Associative Property of Multiplication 
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Objective 2 Exercises 


21. 
23. 
25. 
27. 
29. 
31. 
33. 
35. 


37. 


39. 
41. 
43. 
45. 
47. 
49. 
51. 
53. 


55. 


6x +8x =14x 
9a-4a=Sa 

4y -10y=-6y 

-3b -7 =-3b-7 
-12a+17a=S5a 
Sab — Tab = —2ab 
—12xy + 17xy = Sxy 
—3ab + 3ab =0 


Le pl 3 argh 5 
MX eX ES XS X EH -SX 
? ii 6 6 6 


IL Nee ec pp ane ale ay) 


= =s—— ZX 


See 912, 25 oe 
3x+5x+3x= 11x 
5Sa-3a+5a=Ta 

Sx? —12x? +3x? =-14x? 

7x -8x+3y =-x+3y 

7x —3y+10x =17x—3y 
3a—7b—-Sa+b=-2a-—6b 

3x —8y—-10x+4x =—3x-8y 


x? —Tx—5x? +5x =—4x? -2x 


Objective 3 Exercises 


57. 
59. 
61. 
63. 
65. 
67. 


69. 


71. 


73. 


75. 


77. 


79. 


4(3x) =12x 
-3(7a) = -21a 
—2(—3y) = by 
(4x)2 = 8x 
3a(—2) = -6a 
(-3b)(—4) = 12b 
-5(3x”) =-15x? 


56%?) =x? 

=e) =e 

-=(-Tm) =n 
5 \12 


1 
(-10ny -) =n 
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81. 


83. 


85. 


87. 


89. 


91. 


Chapter 2: Variable Expressions 


1 
—(14x) = 2x 
7! ) 


1 

——(16x) =—-2x 
3! x) 

-3 (24a?) =-15a” 


3 
ri Y) y 


1 
3y{4) = 3y 


(-102{ 4) =—-2x 
5 


Objective 4 Exercises 


93. 
95. 


97. 


99. 
101. 
103. 
107. 
109. 


111. 
113. 
115. 
117. 
119. 
121. 
123. 
125. 


127. 


—-(x+2)=-x-2 

2(4x —3) =8x-6 

-2(a+7) =-2a-14 

-3(2y-8) =-6y +24 

(5-3b)7 =35-21b- 

—3(3 —5x) =-9+15x 
-2(-y +9) =2y-18 

(-3x -6)5=-15x-30 

2(-3x? -14) = -6x” -28 

-3(2y? -7) = -6y” +21 

-(6a* - 7b”) = -6a? + 7b? 

4(x? —3x+5)=4x? -12x+20 
-3(y? —3y-7) =—3y* +9y +21 
4(-3a? -5a+7) =-12a? -20a+28 
~3(-4x? +3x-4) =12x? -9x+12 
5(2x? -—4xy- y*) =10x? -20xy-5y” 


~(8b* —6b +9) =-8b? +6b-9 


Objective 5 Exercises 


129. 
131. 
133. 
135. 


137. 


6a-(5a+7)=6a—-—5a-—7=a-7 
10-(11x-3) =10-11x+3=-l1x+13 
8-(12+4y) =8-12—4y=-4y-4 


2(x-4)-4(x+2)=2x-8-4x-8 
=-—2x-16 
6(2y — 7) -3(3 —-2y) =12y—42-9 + 6y 
=18y-5] 


139. 2(a+2b)-(a—3b) =2a+4b-at+3b 
=a+7b 
141. [x + 2(x + 7)] = 2x +2x +14] 
= 2[3x +14] 
=6x+28 
143. -5[2x+3(5—x)] =—5[2x +15—3x] 
=—S[-x +15] 
=D 
145. -2[3x-(5x-2)] =—2[3x-5x+2] 
= —2[-2x +2] 
=4x-4 
147. -7x+3[x-7(3—2x)]=—7x+3[x-21+14x] 
=—-7x +3[15x—21] 
=—-7x + 45x-63 
* =38x-63 
149. 4a-2[2b-(b-2a)]+3b 
= 4a—2[2b—b+2a]+3b 
= 4a-2[b+2a]+3b 
=4a-2b-—4a+3b 
=p ' 
151. Sy—2(y—3x)+2(7x-y) 
=5y-2y+6x+14x-2y 
=20x+y 
Applying Concepts 2.2 
153. LGx+y)-Z(6x-y)=x4Ly-4xtZy 
=-3xt+y 
155. 0 
157. -(a—b) 
_-a + bis the additive inverse of a — b. 
159. a. Yes, @ is a commutative operation. 


b@a=(b-a)-(b+a) 
=(a-b)-—(atb) 
=a@b 

because - and + are commutative. 


b. No, ® is not associative. 

For example, 

(785) @2=[(7-5)-(7+5)]@2 
=(35-12)@2 
=23@2 _ 
= (23-2)—(23+2). 
= 45-25 , 

372) 


7@(5@2)=7@[(5-2)-(5+2)] 
=7@(10-7) - 
=7@3 
=(7-3)-(7+3) 
=21-10 
=11 


Section 2.3 


Concept Review 2.3 


1. 


3. 


5. 
de 


Never true 
“Five less than n” is translated as n — 5.” 


Never true 
The other number can be expressed as 12 — x. 


Always true 


Never true 

“Five times the sum of x and y’” is written as 
5(x + y). “The sum of five times x and y’ is 
written as 5x + y. 


Objective 1 Exercises 


1. 


3. 


7. 


9. 


13. 


15. 


17. 


19. 


21. 


25. 


d less than 19 
19-d 


r decreased by 12 
r-12 

a multiplied by 28 
28a 


5 times the difference between n and 7 
S(n-7), 


y less the product of 3 and y 
Yao 

the product of —-6 and b 
—6b 


4 divided by the difference between p and 6 
4 


p-6 
the quotient of 9 less than x and twice x 
x-9 

2x 


21 less than the product of s and -4 
—4s -21 


the ratio of 8 more than d tod 
d+8 


d 
three-eighths of the sum of t and 15 
3 
=—(t+15 
3 ) 





w increased by the quotient of 7 and w 


wt— 


d increased by the difference between 16 times d 
and 3 


d+(16d —3) 
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Objective 2 Exercises 


27. 


29. 


31. 


33. 


35. 


37. 


39. 


41. 


43. 


45. 


47. 


49. 


_ the square of the number: n 


the unknown number: n 
n 


19 
the unknown number: n. 
n+40 


the unknown number: n 
the difference between the number and ninety: 
n—90 


(n-90)? 
the unknown number: 7 


four-ninths of the number: <n 
=z +20 
9 


the unknown number: n 
ten more than the number: n + 10 
n(n + 10) 


the unknown number: n 
the product of seven and the number: 7n 
Tn +14 


the unknown number: n 
the sum of the number and two: n + 2 
12 


n+2 





the unknown number: n 
the sum of the number and one: n + 1 
2 


n+1 


the unknown number: n 


the quotient of the number and fifty: cg 


602-3 
50 


the unknown number: n 


the square of the number: n? 
three times the number: 3n 


n? +3n 

the unknown number: n 

three more than the number: n + 3 
the cube of the number: n° 
(n+3)+ n 

the unknown number: n 

2 


one-fourth of the number: an 


jon 
4. 


22 


51. 


53. 


Chapter 2: Variable Expressions 


the unknown number: n 
twice the number: 2n 


° U 
the quotient of seven and the number: — 
n 


Dye 
n 


the unknown number: n 


the cube of the number: n° 
the product of twelve and the number: 12n 


n> -12n 


Objective 3 Exercises 


S55 


SI 


59. 


61. 


63. 


65. 


67. 


69. 


71. 


the unknown number: n 
the total of the number and ten: n + 10 
n+(n+10)=n+n+10 

=2n+10 


the unknown number: n 
the difference between nine and the number: 
9-n 
n—-(9-n)=n-9+n 
=2n-9 


the unknown number: n 


one-fifth of the number: 3” 


three-eighths of the number: =n 


the unknown number: n 
the total of the number and nine: n + 9 
(n+9)+4=n+9+4 

=n+13 


the unknown number: n 

three times the number: 3n 

the sum of three times the number and 40: 
3n+40 

2(3n + 40) = 6n + 80 


the unknown number: n 
the product of five and the number: 5n 


7(5n) = 35n 
the unknown number: n 
seventeen times the number: 17n 


twice the number: 2” 
17n +2n=19n 


the unknown number: n 

the product of the number and twelve: 12n 
n+12n=13n 

the unknown number: n 


the square of the number: n” 
the sum of the square of the number and four: 


n?>+4 
3(n? +4) = 3n? +12 


73. 


75. 


77. 


79. 


81. 


83. 


85. 


87. 


89. 


91. 


the unknown number: n 

sixteen times the number: 16n . 

the sum of sixteen times the number and four: 
16n +4 


= (6n+4)=12n+3 


the unknown number: n 
the sum of the number and 9: n + 9 
16-(n+9)=16-n-9 

=—n+7 


the unknown number: n 

four times the number: 4n 

the quotient of four times the number and two: 
An 
2 


BY 5 on eS 
2 


the unknown number: n 
the total of the number and eight: n + 8 


6(n + 8) = 6n + 48 


the unknown number: n 

the sum of the number and two: n + 2 

7T-(n+2)=7-n-2 
=-n+5 


the unknown number: n 

six times the number: 6n 

the sum of the number and six times the number: 
n+6n : 


1 1 Tn 
—(n+6n) =—(7n) = — 
ae n) 3! n) 3 


the unknown number: n 


the cube of the number: n? 


eight increased by the cube of the number: 8+ n° 
twice the cube of the number: 2n° 
(8+n?)+2n? =8+n> +2n° 

=3n? +8 


the unknown number: n 
twelve more than the number: n + 12 
the difference between the number and six: n — 6 
(n+12)+(n-6)=n+12+n-6 
=2n+6 


the unknown number: n 
the sum of the number and nine: n + 9 
the difference between the number and twenty: 
n—20 
(n+9)+(n—-20)=n+9+n-—20 
=2n-11 


the unknown number: n 
three less than the number: n — 3 
the product of three less than a number and ten: 
(n—3)10 
14+(n—3)10=14+(10n —30) 
=14+10n-30 
=10n-16 


93. 


95. 


97. 


99. 


101. 


103. 


105. 


107. 


109. | 


per capita income in the United States: P 
per capita income in New Jersey: P + 7506 


number of points awarded for a safety: s 
number of points awarded for a touchdown: 3s 


retail sales in Los Angeles: L 

retail sales in Boston: zl 

World population in 1990: p 

World population in 2050: 2p 

measure of the largest angle: L 

measure of the smallest angle: st a) 

weight of the package: w 

cost of mailing the package: 0.33 + 0.22(w — 1) 


the number of nickels: n 
number of dimes: 35 — 72 


distance traveled by the faster car: d 
distance traveled by the slower car: 200 — d 


number of hours of labor: h 
amount of the repair bill: 92 + 25h 


Applying Concepts 2.3 


111. 


length of wire: x 


length of side of square: ma 


Focus on Problem Solving 


1. 


7. 


10. 


There are 24d hours in d days. 


Your wages for working h hours are dh. 


You can purchase - shares with d dollars. 


2 cen 
The cost to air the commercial is — dollars per 
Ss 
second. 


You need to rent v—t videos. 
t ; cl 
Your car consumes — gallons of gasoline. 
g 


There are 32g ounces in g quarts of juice, so 
: 2 
q quarts of juice will last eed days. 
J 


The number of ads that can be sold for each hour 


. 60m 
is ——. 
Ss 


60h 
The factory worker can assemble —— p products. 
m 


q Sed 


There are — nickels in gq quarters, so — or —— 
5) n 5n 


candy bars can be purchased. 
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Projects and Group Activities 


Investigation into Operations with Even and 


Odd Integers 
even 
odd 
even 
even 
even 
even 
even 
odd 
odd 
odd 


Applications of Patterns in Mathematics 


1. 


Number of dots on the circle: 3 4 5 6 

Number of lines connecting the points: 

3 6 10 15 

Note the difference in the number of lines in 
going to successive dots. 3 4 5 

Thus, the pattern shows that the number of lines 
drawn increases by one less than the number of 
dots on the circle. 


Continuing with the pattern established in 
Example 1, we find that the numbers of lines 
shown for 7 points and 8 points are 

7 8 


15+6=21 21+7=28 
21 lines would connect 7 dots, and 28 lines would 
connect 8 dots. 


Use the pattern developed above for 9 dots to 
represent 9 players. 

28 + 8 = 36 

The nine players would play 36 singles matches if 
each player played each of the other players once. 


The 7th triangular number is 
14+24+3444+54+6+7=28. 
The 8th triangular number is 
14+24+34+44+5+6+7+8=36. 


The number of lines drawn in a circle with n + 1 
dots is the same as the nth triangular number. For 
example, the number of lines drawn in a circle 
with 8 dots (28) is the 7th triangular number. 


For 10 teams, use the 9th triangular number. 
1424+34+44+54+6+7+8+9=45 

If each team is to play each other team only once, 
then 45 games must be scheduled. 
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Chapter 2: Variable Expressions 


Chapter Review Exercises 


1. -Ty? +6y? -(-2y”) =-Ty? + 6y? +2y? 
eed 
=y 
1 
2. (124) 4) =3x 
4 
3. 4 isd) 22104 
3 
4. -2(2x-4)=-4x+8 
5. 5(2x+4)-3(x —6) =10x +20-—3x+18 
; =7x+38 
6. a? -3b=27 -3(-4) 
= 4-3(-4) 
=4-(-12) 
=16 
7. 9 
8. —4(-9y) = 36y 


9. -2(-3y + 9) = 6y—18 


10. 


11. 
12. 


13. 


14. 


15. 


16. 


17. 


18. 


19. 


20. 


21. 


3[2x —3(x —2y)]+3y = 3[2x -—3x + 6y]+3y 
= 3[-x + 6y]+3y 
=—3x+18y+3y 
=-3x+2ly 


-4(2x* —3y?) = -8x? +12y? 
3x—5Sx + 7x=5x 


_b? -3ab =(-2)? -3(3)(-2) 


= 4—3(3)(-2) 
=4~-(-18) 
=4418 

=22 


=a Ox) =2x 


3(3 — 7b) =15—35b 


2x +3[4-(3x -—7)] =2x+3[4-3x+7] 
=2x+3{11-3x] 
=2x+33-9x 
=-7x+33 - 


The Commutative Property of Multiplication 
3(8 — 2x) =24-6x 
=x" = (-3x?) +4x? =-2x? +3? +4x? 

= 5x? 


—3x —2(2x -7) =-3x-4x+14 
=-7x+14 


-3(3y” —3y-7) =-9y* +9y +21 


22. 


23. 


25. 


26. 


27. 
28. 


29. 


30. 


31. 
32... 


33. 


35. 


36. 
37. 
38. 


39. 


40. 


41. 
42. 


2x —2(x — y)]+ Sy = -2[x -—2x +2y]+5y 








=-2[-x+2y]+5y 
=2x-4y+5y 
=2xt+y 
~2ab _ -2(-4)(6) 
2b-a: 2(6)—(-4) 
"ga, 
12+4 
208 33 
16 


(-3)(-12y) = 36y 


A(3x —2)-7(x +5) =12x-8—7x —35 


o a6x{ 2} =2x 
8 


=5x-43 


—3(2x? — Ty”) = 6x? +21y? 


3(a—c) — 2ab = 3[2 — (-4)] — 2(2)(3) 
= 3(2 + 4) — 2(2)(3) 
= 3(6) - 2(2)(3) 


=18-12 
=6 
2x —3(x — 2) =2x-3x+6 
=-x+6 
2a —(-3b) -7a—5b = 2a+3b—7Ta—5b 


=-5a-2b 
-5(2x* —3x +6) =—10x? +15x-30 
3x -7y-12x=-9x-Ty 


1 

—(12a) =6 

5 a) = 6a 

2x + 3[x —2(4-—2x)] = 2x +3[x-8+ 42x] 
=2x+3[5x -8] 
=2x+15x-24 
=17x-24 

3x +(-12y) —5x —(-Ty) = 3x -12y -—5x+7Ty 

=-2x-Sy 


(-2}-300 = 30d 

6 

21 

4x? + 9x -6x2 —5x =—2x? +4x 
-2.06x) =-6x? 


-3[2x —(7x -—9)] = -3[2x —-7x +9] 
= —3[-5x+9] 
= 15x -27 


—(8a* — 3b?) = -8a? +3b? 
The Multiplication Property of Zero 


43. 


| 45. 


47. 


49. 


50. 


b decreased by the product of 7 and b 
b-7b 


the unknown number: n 

the square of the number: n? 

twice the square of the number: 2n? 
n+2n2 


the unknown number: n 


the quotient of six and the number: e 
n 


oe 

n 

10 divided by the difference between y and 2 
10 


y-2 


the unknown number: n 
twice the number: 27 


the quotient of twice the number and sixteen: ~ 


2) 


. the unknown number: n 


five times the number: 5n 
the sum of two and five times the number: 
2+5n 


4(2+5n) =8+20n 


speed of the second car: s__ 
speed of the first car: s + 15 


amount of the mocha Java beans: b 
amount of the expresso beans: 20 — b 


Chapter Test 


1. 
2. 
3. 


5. 


10. 


(9y)4 = 36y 
Tx + Sy —3x—-8y =4x—3y 


8n —(6—2n) =8n-6+2n 
=10n-6 


3ab — (2a)? 

3(-2)(-3) -[2(-2)}? = 3(-2)(-3) - (-4)” 
= 3(-2)(-3) -16 
=18-16 
= 


The Multiplication Property of One 


.. A(—x +10) =4x-40 


Poa =—x 


3 fomety) 12 12 


(-10%{-2] =4x 
5 


(4y? +8)6 =-24y? +48 
19 
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11. 


12. 
13. 


14. 


15. 
16. 


17. 
18. 
19. 


20. 


21. 


22. 


23. 


= 


25. 
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—3ab ce —3(-1)(4) 
2a+b 2(-1)+4 
12 





S(x + y) -—8(x — y) =5x+5y—-8x+8y 


=—3x+13y 
6b-9b+4b=b 
13(6a) = 78a 
3(x? —5x +4) =3x? -15x412 


4(b-—a) + be = 4(-3 — 2) + (-3)(4) 

4(-5) + (-3)(4) \ 
—20 +(-12) 

—32 


6x —3(y—7x) + 2(5x-—y) 
= 6x-3y+21x+10x—-2y 
=37x-Sy 


the quotient of 8 more than n and 17 
n+8 


17 


the difference between the sum of a and b and the 
square of b 
(a+b)-b? 





the unknown number: n 


the square of the number: n 
the product of the number and eleven: 117 


n? +11n 


the unknown number: n 
the sum of the number and nine: n + 9 


20(n + 9) = 20n +180 


the unknown number: n 
two more than the number: n + 2 
the difference between the number and three: 
n-3 
(n+2)+(n—-3)=n+2+n-3 
=2n-1 


the unknown number: 
twice the number: 2n 
the product of one-fourth and twice the number: 


1 
—(2 
4 (2n) 
Ve EOn oe oe 
4 2a 
the distance from Earth to the sun: d 
the distance from Neptune to the sun: 30d 


the length of one piece of board: L 
the length of the other piece: 9 — L 
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Cumulative Review Exercises 
1. -4+7+(-10)=3+(-10) =-7 


2. -16-(-25)-4=-16 +25+(—4) 
=9+(-4) 
=5 


3. (-2)(3)(-4) = -6(-4) = 24 
4. (-60) +12=-5 


5. 1+=> 
4 4 

1.25 
4) 5.00 


=4 


6. 60% = 6 *) = = 2 
100) 100 5 
60% = 60(0.01) = 0.06 
Tia 3-21) 


gx 190s 20 
25 25 25 





Jo =8% 


+ 
48 48 48 


48 


a (3) 
10. 79° \2 





12. 


13. 


14. 


15. 


16. 


17. 


‘18. 


19. 


20. 
21. 


22. 





-2° + (3-5)? —(-3) =-32 + (3-5)* -(-3) 
-32 +(-2)? -(-3) 
-32+4-(-3) 
—32+443 

-8+3 


| 
Nn 


a-3b? =4-3(-2)? 
4-3(4) 
4-12 

-8 


—2x* - (-3x? + 4x? =-2x? + 3x2 +.4x2 
= 5x? 


8a-12b-—9a =-a-12b 


5 (9a) =3a 


(-2} 326) = 20b 
5(4-2x) = 20-10x 
-3(-2y +7) = 6y-21 


-2(3x? —4y?) =-6x? +8y? 


25. 


26. 


27. 


29. 


30. 


—4(2y? —5y-8) =-8y? +20y+32 


—4x —3(2x —5) =—4x-6x +15 
=-10x+15 


3(4x -1)—7(x +2) =12x-3-7x-14 
=5x-17 


3x + 2[x —4(2—x)]=3x+2[x-8+4x] 
=3x+2[5x —-8] 
=3x+10x-16 
=13x-16 


3[4x —2(x —4y)]+5y = 3[4x -—2x+8y]+5y. 
= 3[2x+8y]+5y 
=6x+24y+5y 
=6x+29y 


the unknown number: n 
the product of the number and twelve: 127 
6-12n 


the unknown number: n 


the difference between the number and seven: 


n-7 
§+(n-7)=5+n-T7=n-2 


the speed of sound: s 
the speed of the turboprop plane: 5s 


Cumulative Review Exercises 
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Chapter 3: Solving Equations and Inequalities 


Section 3.1 
Concept Review 3.1 


1. Sometimes true 


The exception is multiplying both sides of an 


equation by zero. 
3. Always true 


5. Never true 
The base follows the word of. 


7. Always true 


Objective 1 Exercises 


3: 2x=16 
. 24 18 
8=8 
Yes, 4 is a solution. 
5 20 = 5 
2-1)-1 | 3 
—2-1 13 
—-3 #3 
No, —1 is not a solution. 


7. 4-2m=3 


4-2(1) | 3 
4-2/3 
Dees 
No, 1 is not a solution. 


9. 2x +5 =3x 
2(5) +5 | 365) 
10+5 | 15 
15=15 
Yes, 5 is a solution. 


11. 4a+5=3a+5 
4(0) +5} 3(0)+5 
0+5] 04+5 

Jas 
Yes, 0 is a solution. 


13. 4-2n=n+10 





8=8 
Yes, —2 is a solution. 


15. 27 +1=443z 


3741 | 4430) 
9+1 |] 44+9 
10#13 
No, 3 is not a solution. 


17. y* -1=4y+3 


(-1)? -1 | 4C-1) +3 
1-1] -4+3 
0#-1 
No, —1 is not a solution. 


19. x(x +1)=x7 +5 


4(4+1)| 4745 
4(5) | 16+5 — 
20421 
No, 4 is not a solution. 


21. 8t+1=-1 





lve : 
Yes, aa is a solution. 


23. 5m + 1=10m—3 





3#1 


Dis ‘ 
No, 3 is not a solution. 


25. x? —4x =x4+1.89 


(2.1) —4(2.1) | 2.1 + 1.89 
441-84 | 3.99 
-3.99 # 3.99 

No, 2.1 is not a solution. 


Objective 2 Exercises 


29. x+5=7 
x+5-5=7-5 
2 
’ The solution is 2. 


31. -b-4=11 
b-44+4=114+4 


The solution is 15. 


33. 2+a=8 
2-2+a=8-2 
a=6 
The solution is 6. 


35. m+9=3 


m+9-9=3-9 
m=-6 
The solution is -6. 


37. 


39. 


41. 


45. 


47. 


49. 


51. 


53. 


55. 


57. 


59. 


n-5=-2 
n—-5+5=-2+5 
n=3 
The solution is 3. 


b+7=7 
b+7-7=7-7 
b=0 
The solution is 0. 


a-3=-5 
a-3+3=-54+3 
a=-2 
The solution is —2. 


z+9=2 
z+9-9=2-9 
z=-7 
The solution is —7. 


10+m=3 
10-10+m=3-10 
m=-7 
The solution is —7. 


9+x=-3 
9-9+x=-3-9 


The solution is —12. 


b-5=-3 
b-54+5=-3+5 
b= 
The solution is 2. 


2=x+7 
2-7=x+7-7 
—-S5=x 
The solution is —5. 


4=m-11 
44+1ll=m-11+11 
15=m 
The solution is 15. 


12=3+w 
12-3=3-3+w 
9=w 
The solution is 9. 


=-10+b 
4+10=-10+10+b 
14=b 
The solution is 14. 


The solution is —1. 


2. 
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63. —+ty=— 


6. tht 
2-4 
Blobs sloval. 
22 42 
1 2 
m=-—-— 
44 
3 
m=-— 
4 


The solution is -. 


67. xt+ 


69. = 


AS -—=m+— — 


The solution is -2. 
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73. —=n+=— 


The solution is -5. 


ies w + 2.932 = 4.801 
w + 2.932 —2.932 = 4.801 — 2.932 


w = 1.869 
The solution is 1.869. 


77. —1.926+1t =-1.042 
—1.926 +1.926 +2 =—-1.042 +1.926 
t=0.884 
The solution is 0.884. 


Objective 3 Exercises 


81. 4y=28 
Ay _ 28 
4 4 
y=7 
The solution is 7. 


83. 2a=-14 
2a _-14 
2: D 
a=-7 
The solution is —7. 


85. -—5m=20 
—Sm _ 20 
5 -5 
m=-4 

The solution is 4. 


87. -6n=-30 
=6n _ -30 
-6 -6 
n=5 
The solution is 5. 


89. 18=2t 
18 _ 2 


Zt 
9=t 
The solution is 9. 


91. -56=7x 
256 _ 7x 
ood) 7 
—8=x 
The solution is -8. 


93. 


95. 


97. 


99. 


101. 


103. 


105. 


107. 


109. 


-5x=0 
-5x 0 


ras ches, 
t=O 
The solution is 0. 


35 =-5x 
- = -§ 
-7=x 
The solution is —7. 


—32 = —-4y 
732 _ -4y 


The solution is 8. 


-12m =-144 
-12m_ -144 
-12 -12 - 
m=12 
The solution is 12. 


=3 
(4) = 4(3) 
tx} 


52 
The solution is 12. 


Eo ne 
5 


pe 


; : 
-(-36) = -3(6) 


b=-18 
The solution is —18. 


tm} 
6 


1 
6| —t| = 6(-3 
(gi)=5-9 
t=-18 
The solution is -18. 


The solution is 6. 


2 
-<d=8 
3 


Sie, 3 
-—| -—d|=-=(8 
a 3 2®) 
d=-12 
The solution is —12. 


111. 


113. 


115. 


117. 


119. 


121. 


123. 


125. 


The solution is —24 


-2 
32 


3 3iee2 
= (—6) = =| = 
2! ) At =] 
Q=ay 
The solution is 9. 


2 6 

-——mN=-— 

54 i) 
-3(-2 )=-2(-§) 
ZN Ne, 

15 

m=— 

7 


The solution is =. 


3n+2n = 20 
5n = 20 
5n _ 20 
Se 5S 
n=4 
The solution is 4. 


10y-—3y =21 
Ty =21 
Ty 21 
Be ges 
y=3 
The solution is 3. 


x=4.48 
The solution is 4.48. 
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127. 3.4a=7.004 
3.4a _ 7.004 


BAD 134 
a=2.06 
The solution is 2.06. 


129, -3.7x=7.77 
31x 7.77 


3.7 -3.7 
x=-2.1 
The solution is —2.1. 


Objective 4 Exercises 


133. P(50)=12 
SOP _ 12 


The percent is 24%. 
135. 0.18(40)=A 
7.200=A 
18% of 40 is 7.2. 
137. (0.12)B=48 


0.12B_ 48 
0.12 0.12 
B=400 

The number is 400. 


139. Lon =A (335% = 
3 3 


9=A 
335% of 27 is 9. 


141. P(12)=3 
12P _ 3 
2d 2 
P=0.25 
The percent is 25%. 


143. (0.60)B=3 
0.60B_ 3 


0.60 0.60 
B=5 
The number is 5. 


145. P(6)=12 
6P _12 
6 6 


P=2 
12 is 200% of 6. 


147. (0.0525)B=21 
0.0525B_— 21 
0.0525 0.0525 
B=400 
The number is 400. 





149. (0.154)(50)=A 
7.7=A 
15.4% of 50 is 7.7. 
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151. 


153. 


155. 


157. 


159. 


161. 


163. 


Chapter 3: Solving Equations and Inequalities 


(0.005)B =1 
0.005B 3 1 
0.005 
B=200 
The number is 200. 


(0.0075) B =3 
0.0075B_ 3 
0.0075 0.0075 
B= 400 
The number is 400. 


(1.25)(16) = A 
- 20=A 
125% of 16 is 20. 


P(20.4) = 16.4 
20.4P 16.4 
204 20.4 


P = 0.8039215 
16.4 is 80% of 20.4. 


Strategy 

To find the number of seats, solve the basic 
percent equation using P = 1.11% =0.0111 and 
B = 22,500. The amount is unknown. 


Solution 
PB=A 
0.0111(22,500) =A 
249.715=A 
250 seats are reserved for wheelchair 
accessibility. 


Strategy 

Find the number of people whose chose each 
comedian by solving the basic percent equation 
twice, once using P = 15.3% = 0.153 and once 
using P = 12.2% = 0.122. Each time use B = 4523. 
Once the unknown amounts are found, subtract to 
find how many more people preferred Robin 
Williams. 


Solution 
PB=A PB=A 
0.153(4523)=A 0.122(4523)=A 
692=A 552=A 
692 — 552 = 140 


140 more people voted for Robin Williams. 


Strategy 

To find the percent, solve the basic percent 
equation using B = 1442 and A = 735. The percent 
is the unknown. 


Solution 
PB=A 
P(1442) = 735 
1142P _ E135" 
1442 1442 
P=0.51 
51% of the vacation bill is paid in cash. 





165. 


167. 


169. 


171. 


173. 


Strategy 

To find the percent, solve the basic percent 
equation using B = 90 and A = 75. The percent is 
unknown. 


Solution 
PB=A 
P(90) =75 
90P _ 75 
90 90 


A student must answer correctly 832% of the 


' questions. 


Strategy 

To find the percent, solve the basic percent 
equation using B = 30 + 47 + 200 + 1950 = 2227 
and A = 30 + 47 + 200 = 277. The percent is 
unknown. 


Solution 
PB=A 
P(2227) = 277 
2221 B 207 
D297 W227] 





P=0.12 
12% of the accidental deaths were not attributed 
to motor vehicle accidents. 


There is insufficient information to solve this 


. problem. Either the base or the amount must be 


given for 1950 and 1995. 


Strategy 
To find the minimum number of votes, solve the 


basic percent equation using P = 665% = and 
B= 100. The amount is unknown. 


Solution 
PB=A 


2 
31) =A 


66> =A 
67 votes are needed to override a veto. 


Strategy 

To find the price, solve the basic percent equation 
using P = 111% = 1.11 and A = 1579.99. The base 
is the unknown. 


Solution — 
PB=A 
1.11B =1579.99 
1.11B _ 1579.99 
1.11 1.11 
B=1423.41 
The less expensive model costs $1423.41. 


Applying Concepts 3.1 


175. 2H a5 


Sane, 
y=-21 
The solution is —21. 


hla 7 


a7i. +8=-19 


eke 


1+—+8=-19 
x 


1 +8=-19 
x+8=-19 . 
x+8-8=-19-8 
x=-27 
The solution is —27. 
Sie3 


a a 


Spee sels 
a a 


a=21 
_ The solution is 21. 


181. The sum of the angles x and 3x is 88°. 
x+3x =88 
4x =88 
= 22 
The angle x has a measure of 22°. 


183. Strategy 
To find the cost of the dinner, solve the basic 
percent equation using 
P= (100% '+ 15%)(100% + 6%) = (115%)(106%) 
= (1.15)(1.06) and A = 54.86. The base is 
unknown. 


Solution 
PB=A 
(1.15)(1.06)B = 54.86 
1.219B = 54.86 
1.219B 54.86 
1.219 1.219 
B=45 
The cost of the dinner was $45. 





185. If a quantity increases by 100%, then the same 
quantity is added to itself. The new value will be 
twice the original value. 


Section 3.2. 33 


187. One equation with a solution of -2 is 5x = -10. 
Section 3.2 


Concept Review 3.2 
1. Always true 


3. Never true 
First use the Addition Property of Equations to 
remove the constant term from the 
left side of the equation. Then use the 
Multiplication Property of Equations to 


multiply both sides of the equation by i 
j a 


5. Never true 
Division by zero is undefined. 


7. Sometimes true 
If a =c, the equation will have no variables when 
cx is subtracted from both sides. 


Objective 1 Exercises 


1. 3x+1=10 
3x+1-1=10-1 

3x=9 

3x 9 


sae 
xi 
The solution is 3. 


3. 2a-5=7 
2a-5+5=7+5 

2a=12 

2a _12 


ee 
a=6 
The solution is 6. 


5, 5=4x+9 
§-9=4x+9-9 
—-4=4x 
=a te 
4 4 
-l=x 
The solution is —1. 


7. 13=9+4z 
13-9=9-9+4z 
4=4z 
4 42 


Ars 
i 
The solution is 1. 


9. 2-x=11 
2-2-x=11-2 
-x=9 
-l(-x)=-1-9 
x=-9 
The solution is -9. 
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11. 


13. 


15. 


17. 


19. 


21. 


23. 
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5-6w=-13 
5-5-6w=-13-5 
—6x=-18 
x6x _-18 
-6 -6 
x= 
The solution is 3. 


-Sd+3=-12 

-Sd+3-3=-12-3 
5d =-15 
dels 
5-5 


d=3 
The solution is 3. 


-In-4=-25 
—In-4+4=-254+4 
—In=-21 


n=3 
The solution is 3. 


-13=-1ly+9 
-13-9=-1ly+9-9 
-22 =-1lly 
222 _=ly 
-11 -11 
2=y 
The solution is 2. 


3=11-4n 
3-11=11-11-4n 
-8 =—4n 


The solution is 2. 


—8x+3 = -29 
—-8x+3-3=-29-3 

—8x = -32 

~8x _ -32 


-8 -8 
x=4 
The solution is 4. 
7x-3=3 


7x -34+3=343 
7x =6 


The solution is 2. 


The solution is =. 


27. 11=15+4n 
11-15=15-15+4n 
—4=4n 


4 4 
-l=n 
The solution is —1. 


29. 9-4x=6 
9-9-4x=6-9 
4x =-3 
-4x_3 
4 -4 


x==— 
mere 3 
The solution is zz 


31. 1-3x=0 
1-1-3x=0-1 
-3x=-1 


The solution is > 


33.  8b-3=-9 
8b-3+3=-943 

8b =-6 

8b _ 6 


8 


S 
pee 
Bath 14 


The solution is Re 
4 
35. 7-9a=4 


7-7-9a=4-7 
-9a=-3 


The solution is > 


37. 


39. 


43. 


45. 


10=-18x+7 
10-7 =-18x+7-7 
3=-18x 
3 _ =i8s 
-18 -18 


The solution is -2. 


ae 
6 6 

6 6 6 6 
18 

3x =— 

dé 
3x =3 
ar o3 
Bie 3 
oi 
The solution is 1. 


x=0 
The solution is 0. 


7=9-5a 
7-9=9-9-5a 
—2=-5a 
x2 _-5a 
seas 
2 


— = a 
pe Ja 12 
The solution is es 


—4x+3=9 
—4x+3-3=9-3 
—4x =6 
max 6 
"“-4 -4 
6 
4 


x 


N]w 


The solution is ->. 


47. 


49, 


51. 


55. 
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1 
—m-1=5 
me 


1 
Sotet esl 
23% 


Les 
3 


{ 5m) =3-6 
3 


m=18 
The solution is 18. 


3 n+7=13 
4 


3447-7=13-7 
4 


2ne6 
4 


4(3 4. 
ee (6 
(3) 3°) 
n=8 
The solution is 8. 


A= 10 
8 


-3b+4-4=10-4 


~25=6 
8 


8( 3 8 


3\ 8 
b=-16 
The solution is —16. 


1 
5} —~y|=5-5 
eel 
y=25 
The solution is 25. 


x _128 
7 


oe 1412861 
7 


36 


= =9 
7 


a al 
33) "3 


Cc 
The solution is 21. 
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57. eee 
5 


4 
Sage eons 
se 
iy a2 
5 
5( 4 5 
Sey le (219 
= <w] ae 
w=15 


The solution is 15. 


59, 1742227 
8 


17-1743.x=7-17 


eM 
8 
8(5 8 
= —x}=—(-10 
(2+) ay 
x=-16 
The solution is —16. 


61. >—=y-= 


63. oes 
S12 3 
eee Pl, 
Gesige iw 12 93 
eee 
ThA esd 
ath we be 
2hee3 
-{-%)--{-}) 
24 3 
Jes: 
8 


The solution is : 


65. =—+4 — 


The solution is 2. 
5 
67. 7-~y=9 
9 y 


5 
7-1-~y=9-7 
9° 


5 
=e yed 
9? 


TiS 9 
=a as 
YS en 


5 


The solution is -=. 


69. Sy+9+2y=23 

Ty+9=23 
Ty+9-9=23-9 

Ty =14 

iM 

TXT 

y=2 
The solution is 2. 


71. 11z-3-7z=9 
4z-3=9 
47-34+3=94+3 
4z=12 


=% 
The solution is 3. 


73. b-8b+1=-6 
-7b+1=-6 
7b+1-1=-6-1 
—1b=-7 
eo 
-7 -7 
b=1 
The solution is 1, 


75. 8=4n-6+3n 
8=7n-6 
8+6=7n-6+6 
14=7n 


2=n 
The solution is 2, 


77. 


79. 


81. 


83. 


85. 


87. 


89. 


1.2x-3.44=1.3 
1.2x-3.44+3.44 =1.3+3.44 
1 20= 474 
1.2x 4.74 
1.2 1.2 
x=3.95- 
The solution is 3.95. 
—6.5 = 4.3y —3.06 
—6.5+3.06 = 4.3y —3.06+3.06 
-3.44=43y 
~3.44 _ 43y 
4,3 4.3 
-0.8= y 
The solution is —0.8. 
3x+5=-4 2x -5=2(-3)-5 
3x+5-5=-4-5 =-6-5 
3x =-9 =-11 
pi 
3 3 
x=-3 


The answer is —11. 


2-3x=11 9x7 +2x-3 =(-3)* +2(-3)-3 
2-2-3x=11-2 =9-6-3 
-3x=9 =3-3 
ear =0 
=see=3 
x=-3 
The answer is 0. 


6y+2=yt17 
6y-y+2=y-ytl7 
Sy+2=17 
Sy+2-—2=17-2 
5y =15 
Sy _15 
5725 
y=3 
The solution is 3. 


lin+3=10n+11 | 
11n-10n +3 =10n—-10n+11 
n+3=11 
n+3-3=11-3 
n=8 
The solution is 8. 


9a-10 =3a+2 
9a-3a-10 =3a-—3a+2 
— 6a-10=2 
6a-10+10=2+10 
6a =12 


a= 
The solution is 2. 


91. 


93. 


95. 


99. 


101. 
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13b-1=4b-19 
13b-—4b-1=4b-4b-19 
9b-1=-19 
9b-14+1=-19+1 
9b=-18 
9b els 
9 9 
=-2 
The solution is —2. 


Ja-S=2a-20 
Ta-2a-—5=2a-—2a-20 
5a—5 =-—20 
Sa-54+5=-20+5 
Sa=-15 
Same 1S 


5 5 
a=-3 
The solution is —3. 


n-2=6-3n 
n+3n-2=6-3n+3n 
4n-2=6 
4n-2+2=6+2 
4n=8 
4n _8 


4 4 
n=2 
The solution is 2. 


4y-2=-16-3y 
4y+3y-2=-16-—3y+3y 
Ty-2=-16 
Ty-2+2=-16+2 
Ty=-14 
Ty _=14 
ey 
y=-2 
The solution is —2. 


m+4=3m+8 
m—-3m+4=3m-3m+8 
—2m+4=8 
—2m+4-4=8-4 
—2m=4 
=2m _4 
—2. 2 
m=-2 
The solution is —2. 


6d-2=7d+5 
6d—-—7d-2=7d-7Td+5 
-d-2=5 
—d-2+2=5+2 
-d=7 
(-1)(-d) = (-1)(7) 
=-7 
The solution is —7. 
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103. Sa+7=2a+7 
Sa-2a+7=2a-2a+7 
3a+7=7 
3a+7-7=7-7 
3a=0 
3a 0 


3.°.3 
a=0 
The solution is 0. 


105. 10-4n=16-n 
10-4n+n=16-n+n 
10-3n=16 
10-10-—3n=16-10 
—3n =6 


n=-2 
The solution is —2. 


107. 2b-10=7b 
2b-—2b-10=7b-2b 
-10=5b 
=10 _ 5b 
5. a 5h 
—2=b 
The solution is —2. 


109. Oy = 5y +16 
9y —Sy = 5y-S5y +16 
4y=16 


yaa 
The solution is 4, 


111. 8-4x =18-5x 
8-—4x+5x =18-5x4+5x 
8+x=18 
8-8+x=18-8 


x=10 
The solution is 10. 


113. 5-—7m =2-6m 
5-7m+6m=2-6m+6m 
S-m=2 
5-S-m=2-5 
—m = -3 
-1(-3) = -1(-3) 
m=3 
The solution is 3. 


115. 6y-1=2y+2 
6y—-2y-1=2y-2y+2 
. 4y-1=2 
4y-1+1=2+1 


The solution is =. 


117. 10x -3=3x-1 
10x -3x-3=3x-3x-1 
7x-3=-1 
7x-3+3=-14+3 


The solution is =. 


119. 8a-2=4a-5 
8a-4a-2=4a-—4a-—5 
4a-2=-5 
4a-2+2=-5+2 
4a=-3 
4a _=3 
4 4 
oa 
a=-— 
4 


The solution is -=. 


ieee 
121. —x=—x+2 
4. x 


x=35 
The solution is 3, 


123. 


125. 


127. 


129. 


131. 


ly pa 
5 10 
i Borel an 
S265: 10 5 
1 8 
—7=—c-— 
10° 10° 
ia 
10 
10 10 Ul 
TN estes ee | aoe 
G2 al i) 
10=c 
The solution is 10. 
2 a2 b 
3 6 
Cp rey foe op es) 
3G 6 6 
4 ts 
—b+—b=2 
6 6 
2G 25 
6. 
 6(9 6 
—| —b| =—(2 
ae ) 9”) 
pee 
3 


sec ad 
The solution is —. 


4.5x-5.4=2.7x 
4.5x —4.5x -5.4 =2.7x -—4.5x 
—-5.4=-1.8x 
-5.4_ -1.8x 
-18 -1.8 
3=x 
The solution is 3. 
5x =3x-8 4x+2=4(-4)+2 
5x —3x =3x-3x-8 =-16+2 
2x=-8 =-14 
2x _-8 
22 
x=-4 
The answer is —14. 
2-6a=5-3a 4a* -2a+1 
2-6a+3a=5-3a+3a ~ 4-1)? -2(-1) +1 
2-3a=5 = 4(1)—2(-1) +1 
2-2-3a=5-2 =44+241 
—3a=3 =6+1 
ee =7 
3 «3 
a=-1l 


The answer is 7. 


133. 


135. 


137. 


139. 


141. 


143. 
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5x +2(x +1) =23 

Sx+2x+2=23 

7X+2=23 
1x+2-2=23-2 

7x =21 

inet 

ASE 

x=3 

The solution is 3. 


9n-3(2n-1) =15 

9n-6n+3=15 

3n+3=15 
3n+3-3=15-3 

3n =12 

3n _ 12 


37°33 
n=4 
The solution is 4. 


Ta—(3a-—4) =12 
Ja-—3a+4=12 


is 2. 


Ba 


The solutio 


5(3-2y)+4y =3 
15-10y+4y=3 
15-6y =3 
15-15-—6y =3-15 
—by =-12 
-6y -12 


y=2 
The solution is 2. 


10x +1=2(3x+5)-1 
10x+1=6x+10-1 
10x+1=6x+9 
10x -6x+1=6x-6x+9 
4x+1=9 
4x+1-1=9-1 
4x=8 
4x _ 8 


4 4 
Xaee 
The solution is 2. 


4-3a=7-2(2a+5) 
4-3a=7-4a-10 


4-3a=-3-4a 
4-3a+4a=-3-4a+4a 
4+a=-3 
4-4+a=-3-4 
a=-7 


The solution is —7. 
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145. 3y-7=5(2y—-3)+4 
3y-7=10y-15+4 
3y-7=10y-11 

3y-10y-7=10y-10y-11 
-ly-7=-11 
—Ty-7+7=-11+7 
-Ty=-4 
aes 
—7 -7 
4 


yea : 


The solution is <. 


147. 5-(9-6x)=2x-2 
5-9+6x=2x-2 
—44+6x=2x-2 

—4+6x-2x=2x-2x-2 © 
—4+4x=-2 _ 
—44+4+4,=-24+4 
4x=2 


ae 
4 
x 


wyeElHaly 


The solution is —. 


149. 3[2-4(y-1)] =3(2y +8) 
3[2—4y +4] =6y+24 
3[6-4y]=6y+24 
18-12y=6y+24 
18-12y-6y = 6y-—6y+24 
18—-18y =24 
18-18-18y = 24-18 
-18y=6 
=l8y _6 


-18 -18 


mild 
te 3 


The solution is -5. 


151. 3a+2[2+3(a-1)]= 2(3a +4) 
3a+2[2+3a-3]=6at8 
3a + 2[-1+3a]=6at8 
3a-—2+6a=6a+8 
9a-2=6a+8 
9a—-6a-2=6a-6a+8 
3a-2=8 
3a-—2+2=8+2 


The solution is > 


153, -2[4-(3b+2)] = 5-2(3b +6) 
34 -3h— 2) a6 6b 10 


-2[2 - 3b] = -7-6b 
-4+6b=-7-6b 
-4+6b +6b =-7-6b + 6b 
~4+12b=~7 
44+4412b=-7+4 

12b=-3 
12b _ -3 
i212 
pause 
4 


The solution is -+. 


155. 0.3x —2(1.6x) —8 = 3(1.9x -— 4.1) 
0.3x -3.2x -8 =5.7x-12.3 
—2.9x -8 =5.7x-12.3 
—2.9x -5.7x -8 =5.7x-5.7x -12.3 


-8.6x-8=-12.3 
-8.6x -8+8 =-12.348 
-8.6x =-4.3 
=8.6x _ -4.3 
-8.6 -8.6 
x=0.5 
The solution is 0.5. 
157. 4-3a=7-22a+5) 247, 
[hes eC en 
4-3a+4a=-3-datdg =49+(D-7) 
4+a=-3 =a 49 
4-d4 a= 34 aN 
a=-7 
The answer is 0. 
159, 2z-5=3(4z+5) 
2z2-5=12z+15 5 
2z—12z2~5=127-1224+15 “<7 * 
-10z-5=15 z-2 
-10z-5+5=15+5 _ (-2)? 
-10z = 20 9 
male neU a 
-10  -10 4 
=-2 =-] 


iz 
The answer is —1. 


Objective 4 Exercises 


161. 


163. 


165. 


Strategy 
To find the initial velocity, replace s by 80 and t 
by 2 and solve for v. 
Solution 
 s=16t? +vt 


80 = 16(2) + v(2) 

80 =16(4)+2v 

80 =64+2v 
80-64 =64-64+2y 

16 =2v 

16 _2v 

oe: 

8=v 
The initial velocity is 8 ft/s. 


Strategy i 

To find the depth, replace P by 35 and solve for 
D. 

Solution 


Se 
2 


asap ey 
2 
35-15 =D+15-15 
20=1D 
2 
1 
2(20) = 2} = 
any=2( 0] 


40=D 
The depth of the diver is 40 ft. 


Strategy 
To find the distance, replace C by —3 and solve for 
D. 


Solution 


wat A5 
4 
ain DAS 
4 
“3+45=1D~45+45 
42=1D 
4 
a 
42)=4(4LD 
wa2)=4( 40) 


168=D 
The car will slide 168 ft. 
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167. Strategy 


169. 


171. 


To find the length, replace H by 66 and solve for 
L. 


Solution 
AH =1.2L+27.8 
66 =1.2L+27.8 
66 — 27.8 =1.2L + 27.8-27.8 
BS =e 
12 y feed 2 


31.8=L 
The approximate length of the humerus is 31.8 in. 


Strategy 
To find the number miles, replace F by 6.25 and 
solve for m. 


~ Solution 


F =1.50+0.95(m —1) 
6.25 = 1.50 + 0.95m —0.95 
6.25 = 0.55+0.95m 
6.25 —0.55 = 0.55 — 0.55 + 0.95m 
5.70 = 0.95m 
5.70 _ 0.95m 
0.95 0.95 
6=m 
The passenger was driven 6 mi. 


Strategy 
To find the number of errors, replace S by 35 and 
W by 390 and solve for e. 


Solution 











ae 390 —5e 
10035) =10f 0 } 


350 = 390 —5e 
350 —390 = 390 — 390 — Se 
—40 = —Se 
~40 _ -5e 
5-5 
8=e 
The candidate made 8 errors. 
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173. Strategy 
To find the population, replace A, by 48,000, N by 1,100,000, and d by 75, and solve for Py. 


175. 


179. 


Solution 


2.51R Py 
ecu 


2.51(48,000)P, 
75° 
120,480P, 
1,100,000 = ————+ 
5625 
5625 5625 ee | 
1,100,000) = ——_——* 
120,480 ‘ ) 120, Gal 5625 
51,357 = P, 
The population is approximately 51,000 people. 


1,100,000 = 








Strategy 

To find the break-even point, replace the variables 
P, C, and F in the cost equation by the given 
values and solve for x. 


Solution 
Px=Cx+F 
250x = 165x + 29,750 
250x —165x = 165x —165x + 29,750 
85x = 29,750 
85x _ 29,750 
85 85 
x =350 
The break-even point is 350 televisions. 





Strategy 

To determine whether or not the see-saw is 
balanced, replace the variables A, Fy, d, and xin 
the lever system equation by the given values. 
Evaluate each side of the equation. If it is a true 
equation, the see-saw is balanced. If it is not a true 
equation, the see-saw is not balanced. 


Solution 
Fx = F,(d-x) 
60(3.5) | S50(8 — 3.5) 
210 | 50(4.5) 


210 # 225 
The see-saw is not balanced. 


181. 


183. 


Strategy 

To find the force when the system balances, 
replace the variables Fj, x, and d in the lever 
system equation by the given values and solve for 
Fy. 


Solution 

Rx = Fy(d-x) 
100-2 = F, (10-2) 
100-2=F,:8 

200 = 8F, 

200 _8F, 


8 8 
25 = Fy 
A 25-lb force must be applied to the other end. 


Strategy 

To find the location of the fulcrum when the 
system balanced, replaces the variables F,, Fy, 
and d in the lever system equation by the given 
values and solve for x. 


Solution 
Fix = F,(d-x) 
' 128x =160(18-x) 

128x = 2880 —160x 
128x +160x = 2880 —160x +160x 

288x = 2880 

288 288 

x=10 

The fulcrum is 10 ft from the 128—Ib acrobat. 


Applying Concepts 3.2 


185. 


3(2x —1)-(6x - 4) =-9 
6x-3-6x+4=-9 
6x -6x+1=-9 
1#-9 
No solution 


187. 3[4(w+2)-(w+1)]=5(2+w) 
3[4w +8-w-1]=10+5w 
3[3w + 7]=10+5w 
9w+21=10+5w 

Ow —5w+21=10+5w—5w 


4w+21=10 
4w +21-21=10-21 

4w=-11 
suet 

4 4 

11 

w=-— 

4 


The solution is -=. 


189. To solve, remember 
Dividend = Quotient x Divisor + 
32,166 = 518 x x + 
32,166 —50 518x + 


32,116 = 518x 
32,116 © | -*518x 


518 518 
62 = x 





191. One possible answer is 
3x-6=2x-2 
x=4 
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Concept Review 3.3 
1, Always true 


3. Sometimes true 
Multiplying both sides of the inequality by a 
negative number without reversing the inequality 
changes the solution. Multiplying both sides by 
zero also changes the inequality. 


5. Never true 
The product of a positive number and a negative 
number is always negative. 


7. Always true 


9. Sometimes true 
This is true only if c is a positive number. If cis 
negative, then ac > bc. If c is zero, then ac = be. 
Objective 1 Exercises 
Lex 
-5 -4-3-2-10123 4 5 


3. xs0 


=Si-41-3 1-2-1 4 heey 0) & 


5. x+1<3 
x+1-1<3-1 
x<2 


-§-4-3-2-101234 5 
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Remainder 
50 
50-50 
Ble x-5>-2 
x—-54+5>-24+5 
x>3 
-5 -4-3-2-1 0 1 2 3 4-5 
9. n+427 
n+4-42>7-4 
n23 


-5 -4-3-2-1 01 2 4 5 


11. x-6<-10 
x-6+6<-10+6 
xs-4 


5 -4-3-2-101234 5 


13. 5+x2>4 
5-5+x24-5 
x2-1 


“eslateiot OO”) 263h.4 5 


15. y-32-12 
y—-3+32-124+3 
y2-9 


17. 3x-5<2x+7 
3x-2x-5<2x-2x+7 
x-5<7 
x-54+5<7+5 
x<12 


19. 


21. 


27. 


29. 


31. 


33. 
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8x-7>7x-2 


8x-7x-72>7x-—7x-2 


x-72>-2 
x-7+72>-2+7 
x25 


2x+4<x-7 
2x-xt4<x-x-7 
xt4<-7 
x+4-4<-7-4 
x<-ll 


4x-8S2+3x 


4x-3x-8<52+3x-3x 


x-8<2 
x-8+8<52+8 
x<10 


6x+42>5x-2 


6x-5x+42>5x-—Sx-2 


x+42>-2 
x+4-42>-2-4 
x>-6 


2x-12>x-10 
2x-x-12>x-x-10 
x-12>-10 
x-12+12>-10+12 
C2 


35, a eee 
8 6 


9x -2x4>>2x-224= 
8 6 


so 
8 6 


Sis 
x+=-i>=-= 
8 8 6 8 


20 15 
x>—-— 
24 24 


x>— 
24 
37. x+5.8<4.6 
x+5.8-5.8<46-5.8 
x<-1.2 


39. x—0.23< 047 
x—0.23+0.23 < 0.47+0.23 
x<0.70 


41. 1.2x <0.2x-7.3 
1.2x-—0.2x <0.2x-0.2x-7.3 
x<—73 


Objective 2 Exercises 


43. 8x<-24 
8x . -24 
8 8 
xs-3 


aes @t2zzaesS 


45. 24x>-48 
dax 48 
24° 3 24 
x>-2 

a5 Zeca eee y igh rarstets 


47. 3x>0 
ax. 0 
—_>-— 


343 
e>O 


S$ -4-3-2-1 012345 


49. -2n<-8 

~2n , -8 

—2 2 
n24 


-5 -4-3-2-1 012345 


51. -4x<8 
_ 4x 8 
— >— 
4+ 4 

x>-—2 


-5 -4-3-2-1 01234 5 


S3. 3x<5 
ato 
Se 
38 


5 
x<= 
3 


55. 


57. 


59, 


61. 


65. 


67. 


69. 


71. 


73. 


3 
——x <6 
3° 


x>-16 


3(2,) 53 


75. <=y2-= 


Ts —xs— 


5(52}s3(2) 
213°)" 2\44 
27 


79. -=y<— 


81. -0.27x <0.135 
—O.27% > 0.135 


-0.27 0.27 
x>-0.5 


83. 8.4y>-6.72 
B.4y | -6.72 


84 84 
y2-08 





85. 1.5x<6.30 
1.5x _ 6.30 
pclae sy Ap hha 

1.5 1.5 
xS542 


87. -3.9x2>-19.5 
—3.9x _ -19.5 
Bee 

3.9 -3.9 
SS 


89. 0.07x <-0.378 
0.07x Z —0.378 


0.07 0.07 
x<-5.4 


Objective 3 Exercises 
93. 4x-8<2x 


4x-2x-8<2x-2x 


2x-8<0 
2x-8+8<0+8 

2x <8 

2x 8 

— <a 

Zan 

x<4 


45 
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95. 2x-8>4x 107. 2(3x-1)>3x+4 








2x-4x-8>4x-4x 6x—-2>3x+4 
—Ix-8>0 6x -3x-2>3x-3x+4 
-2x-8+8>0+8 3x-2>4 
—~2x>8 3x-24+2>4+2 
ar 8 3x >6 
Ej) tae ere ° 
x<-4 3e5 
L>Z 
97. 8-3x<5x 
$= 3x—-59<'54 25% 109. 3(2x -5)28x-5 
8-8x<0 6x-1528x-5 
8-8-8x<0-8 6x—-8x=—1528%-8x—-5 
eure=e —24=15 2-5 
Seow —2x-15+152-5+15 
ae —2x 210 
21 m2x < 10 
—2 -2 
99. 3x+225x—8 xs-5 
eee I. -2(2y-5) $(5-2y) 
~2x+2-22>-8-2 Ay 10 S15 = 6y 
-2x>-10 4y+6y-10<15-6y+6y 
EA A0 10y-10<15 
—<— 10y-10+10<15+10 
cae a 10y < 25 
loy _ 25 
101. SX 2h 10° 10 
9x =3x%=2 <3x—3x%—2 eo 
2x-2<-2 5 
2x-24+2<-2+2 
2x<0 113. 5(2 —x) > 3(2x —5) 
2x 0 10-5x>6x-15 
a5, 10-5x-6x >6x-6x-15 
x<0 10-114 >-15 
10-10-11x>-15-10 
103. 0.11180+x)>x -1lx >-25 
18+0.1x>x =l1x). =25 
18+0.lx-x>x-x ih a 
18-0.9x>0 25 
18-18-0.9x >0-18 Sat 
—0.9x >-18 
—0.9x Je 15) 115. 5(x — 2) > 9x —3(2x -4) 
=0'9) 8209 5x-10>9x-6x+12 
x<20 5x-10>3x+12 
5x -3x-10>3x-3x+12 
105. 0.15x+55>0.10x+80 2x-10>12 
0.15x -—0.10x +55 >0.10x—0.10x +80 2x-10+10>12410 
0.05x +55 >80 DOD 
0.05x + 55-55 > 80-55 A 2x 
0.05x > 25 aan 
0.05x - _25_ x>11 
0.05 0.05 


x > 500 


117. 4-—3(3-—n) < 3(2—5n) 
4-9+3n<6-15n 
—5+3n<6-15n 
—5+3n+15n<6-15n+15n 
—5+18n <6 
—5+5+18n<6+5 

181 <11 

In 11 

1Saas 

11 


ns— 
18 


119. 2x-3(x-4)2>4-2(x-7) 
2x-3x+122>4-2x+14 
—-x+12218-2x 
—x+2x+12218-2x+2x 
x+12218 
x+12-12218-12 
x26 


121. 1 9x-10)<-1¢2-62) 
2. 3 
3 x-5S-442 
ox- 24-55-4424 -2x 
Pens ad 
2 
2 5-5455-445 


Eel 
2, 


2(5 \.2 
Af 2s na 
=(35) 5) 
fez 
5 


123. = (91-15) +4 <6+2(4-12) 


6t-10+4<6+3-9% 
6t-6<9-9t 
6t+9t-6<9-9t+9r 
15t-6<9 
15t-6+6<9+6 
15t <15 
15¢- 15 
—_< 
Sl 
t<] 


133. 4(x-—2)<3x+5 1(x-3)25x-1 
4x-8<3x+5 7x-2125x-1 
4x-3x-8<3x-3x+5 7x-—5x-2125x-5x-1 
x-8<5 2x-212-1 
x-84+8<55+8 2x-21+212-1+21 

<13 2x > 20 

- 2x 20 

Ss 

Dee. 

x210 
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125. 3[4(n-2)-(1-n)]>5(n-4) 
3[4n —-8-1+n]>5n-20 
3[5n —9] > 5n—-20 
15n-27>5n-20 
15n-—5n-27>5n—5n—-20 
10n -—27 > -20 
10n-27+27 >-20+27 
10n >7 
10n_ 7 
—— >> —— 
10 10 
7 
n>— 
10 
Applying Concepts 3.3 


127. 7-2b<15-5b 
7-2b+5b<15—5b+5b 
7+3b<15 
—-7+7+3b<-7+15 
3b<8 
3b <8 
4) 8 
b<d 
3 
b<22 
3 
{1,2} 


129. 2(2c -3) <5(6-c) 


4c-6 <30-Sc 
4c+5c-6<30-—5c+5c 
9c -6<30 
9c -6+6<30+6 
9c < 36 
9c 36 
—_—<— 
9 9 
c<4 
{1, 2, 3} 
131. 5x-12<x+8 3x-422+x 
Sx-x-12Sx-x+8 3x-x-422+x-x 
4x-12<8 2x-422 
4x-12+12<8+12 2x-44+422+4 
4x <20 2x26 
4x . 20 2x56 
4 4 DF? 
x<5- x23 


The integers common to the solution sets of both 
inequalities: {3, 4, 5} 


The integers common to the solution sets of both inequalities: {10, 11, 12, 13} 
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135. Moet 


-5 -4-3 -2-1 0 253: 4.5 


137. 


-5 -4-3-2-1 0123 4 5 
Focus on Problem Solving 
1. Voter turnout was greater than 60% in 1960, 1964, 1968, and 1992. 
2. Voter turnout was less than 40% in 1974, 1978, 1986, 1990, 1994, and 1998. 
3. Voter turnout was less than 50% in 1996. 


4. Answers will vary. With the exception of 1992, voter turnout in presidential election years has been decreasing since 
1960. Voter turnout in off-year elections has not been greater than 50% in any of the years shown in the graph. 


5. Answers will vary. Voter turnout in 2000 will most likely be less than 50%, and less than 40% in 2002. 
6. 50 


40 


30 


20 


Number (in millions) 


10 





'88 '89 '90 '91 '92 '93 "94 '95 '96 
Year 
7. Based on the trend, the number of mobile phone users will be close to 55 million in 1997. 
8. 300 
270 


240 


Number (in billions) 
a 
° 





'80 '81 '82 '83 '84 '85 '86 87 '88 '89 '90 '91 192 93 '94 "95 '96 '97 '98 '99 


Year 


9. The deficit was the greatest in the years 1991-1993. 
10. Answers will vary. There is no particular pattern. 


Projects and Group Activities 
Measurements as Approximations 


1, 8.365+5.415+9.605 < P<8.375+5.425+9.615 
23.385 < P < 23.415 


The perimeter is greater than or equal to 23.385 m 


and less than 23.415 m. 


2. (4.65)? <A <(4.75)? 
21.6225 < A < 22.5625 
The area is greater than or equal to 21.6225 cm? 


and less than 22.5625 cm?. 


3. (7.75)(6.45) $ A <(7.85)(6.55) 
49.9875 $ A < 51.4175 
The area is greater than or oie to a. 9875 cm? 


and less than 51.4175 cm? 


4. (39.5)(24.5)(7.5)< V < (40.5)(25.5)(8.5) 
7258.125 < V <8778.375 
The volume is greater than to equal to 


- 7258.125 cm? and less than 8778.375 cm?. 
Chapter Review Exercises 


1 5x-2=4x+5 
5(3)-2 | 4(3)+5 
15-2 |12+5 

13417 
No, 3 is not a solution. 


2. x-4=16 
x—-4+4=16+4 
x=20 
The solution is 20. 


3. 8x=-56 
Bx _ -56 
8 8 
x=-7 
The solution is —7. 


4. 5x-6=29 
5§x-6+6=29+6 

5x =35 

5x7.35 


5 5 
a3 
The solution is 7. 


5. §x+3=10x-17 
5x-10x+3=10x-10x -17 
—5x+3=-17 
-5x+3-3=-17-3 
—5x =-20 


The solution is 4. 
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6. 3(5x+2)+2=10x+5[x-(3x-1)] 
15x+6+2=10x+S[x -3x +1] 
15x +8 = 10x + S—-2x +1] 
15x+8=10x-10x+5 
15x+8=5 
15x+8-8=5-8 
15x =-3 
ASx _ = 
15 15 


x=-— 
“ie 1 
The solution is 5 


7. PB=A 
0.81(500) =A 
405=A 

The number is 405. 


8. PB=A 
0.72B =18 
0.72B_ 18° 
0.72 0.72 


B=25 
The number is 25. 


9. PB=A 
P(40) = 27 
40P _ 27 


“40 40 
P=0.675 
The percent is 67.5%. 


10. 
-§ -4 -3 2-1 0123 4 § 
11. x-3>-1 
x-34+3>-1+3 
x>2 


nS 4123-211 Ole 200d) 4S 


12. 3x>-12 
3x _ -12 
Stee 
SareS 
x>-4 


-5-4-3-2-10123 45 


13. 3x+42-8 
3x+4-42-8-4 
3x2-12 © 
3x, -2 
3 3 
x2-4 


50 


14. 


16. 


17. 


18. 


19. 


20. 
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Tx —2(x+3)2x+10 
7x-2x-62x+10 
5x-62x+10 
5x-x-62x-x+10 
4x-6210 
4x-6+6210+6 
4x2>16 
4x _ 16 


SS 


Alwr4 
x24 


x7 +4x4+1=3x4+7 
(2)* +4(2) +1 | 3(2)+7 
4+84+116+7 
13 =13 
Yes, 2 is a solution. 


4.6=2.1+x 
4.6-2.1=2.1-2.1+x 
B= 
The solution is 2.5, 


=-7 


(z x) =7(-7) 


x=-49 
The solution is 49. 


|e 


14+6x=17 
14-14+6x=17-14 
6x =3 
6x _3 
6 


x= 


NI] a 
= 


The solution is 5 


12y-1=3y+2 
12y-—3y—-1=3y—3y+2 
9y-1=2 
9y-14+1=2+1 
Sy =3 
ype o 


9 
y= 


Wl 0 


The solution is : 


x+5(3x —20) =10(x—4) 
x+15x-100 =10x-40 
16x -100 =10x-—40 


16x -—10x -100 = 10x-10x-40 


6x -—100 = -40 
6x —100+100 = -40 +100 
6x =60 
6x _ 60 
6 6 
x=10 
The solution is 10. 


21. 


22. 


25. 


26. 


27. 


PB=A 
66% 2 
3 3 
2 
—(24)=A 
3) 
16=A 
The number is 16. 
PB=A 
0.48B = 60 
0.48B 60 


B=125 
The number is 125. 
PB=A 
P(B)=0.5 
3P _05 
B 3 
Pe eig-% 
6 3 
0.5 is 162% of 3. 


2+x<-—2 
2-2+x<-2-2 
x<—-4 
-$-4-3-2-101234 5 
5x <-10 
3x. -10 
5 5 
x<—2 
mise 4y=3)=2 =O 2a sees 
6x +3(2x -1) =—-27 
6x+6x-3=-27 
12x-3=-27 
12x-3+3=-27+3 
12x =-24 
12x _-24 
12 12 
x=-2 
The solution is —2. 
le 42 
a--—=— 
6 3 
1, le ee 
a-—+—>==+= 
6 6 3 6 
4 1 
a=—+— 
6 6 
5 
a=— 
6 


The solution is 2. 


28. 


29. 


30. 


31. 


32. 


33. 


=a=12 35. 
5(3 5 
—| —a|=—(12 
($4) 30% 
a=20 
The solution is 20. 


32=9x-4-3x 36. 
32=6x-4 
32+4=6x-4+4 
36 =6x 
36 _ 6x 
6 6 
6=x 
The solution is 6. 


—4[x + 3(x —5)] = 3(8x + 20) 
—4[x + 3x -15]=24x+60 37. 
—4[4x -15] =24x +60 
—16x +60 = 24x +60 
—16x-—24x +60 = 24x -24x +60 
—40x + 60 = 60 
—40x + 60-60 = 60-60 
—40x =0 
40x 0 
-40 -40 
=0 





x 
The solution is 0. 


4x-12<x+24 38. 


4x-—x-12<x-x+24 

3x-12<24 
3x-12+12<24+12 

3x <36 
3x . 36 
— = 
Sm a3 
x<12 


=% = 0.5% = 0.005 


PB=A 


0.005(3000) = A 39. 


1S=A 
The number is 15. 


3x+7+4x =42 
7x+7=42 
7x+7-7=42-7 
71x =35 
7x _35 
ee: 
x='5 


- The solution is 5. 


§x-6>19 
5x-6+6>19+6 
§x>25 
5X2) 
—_>— 
SiS 
x>5 
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PB=A 
P(200) =8 
200P_ 8 
200 200 
P=0.04 
The percent is 4%. 


6x-9 <4x+3(x +3) 
6x-9 <4x+3x+9 
6x-9<7x+9 
6x -7x-9<7x-7x+9 
—-x-9<9 
—x-94+9<9+4+9 
-x <18 
—1(-x) > -1(18) 
x>-18 


$-4(x+9)>11(12x -9) 
5-4x-36 >132x-—99 

; —4x -31>132x-99 

—4x -132x -31>132x-132x -99 


-136x-31>-99 
—136x -31+31>-99+31 
—136x > -68 
=136x — —68 
-136 -136 
- ] si 
<— 
sent 
Strategy 


To find the measure of the third angle, replace the 
variables A and B in the given equation by the 
given values and solve for C. 


Solution 
A+B+C=180 
20+50+C=180 
70+C=180 
70-70+C =180-70 
C=110 
The measure of the third angle is 110°. 


Strategy 

To find the force when the system balances, 
replace the variables F,, x;, and d in the lever 
system equation by the given values and solve for 
Fy. 


Solution 
Fix = F,(d-x) 
120(2) = F,(12 -2) 
240 = F(10) 
240 =10F, 
240 _ 10F 


10 10 
24 = Fy 
A 24-lb force must be applied to the other end. 


52 


40. 


41. 


42. 


43. 


Chapter 3: Solving Equations and Inequalities 


Strategy 
To find the width, replace the variables P and L in 
the equation by the given values and solve for W. 


Solution 
P=2L+2W 
49 = 2(18.5)+2W 
49 =37+2W 
49-37 =37-37+2W 
12=2W 
12_2W 
pane ga?) 
6=W 
The width of the rectangle is 6 ft. 


Strategy 

To find the discount, replace the variables S$ and R 
in the equation by the given values and solve for 
D. 


Solution 
S=R-D 
128 =159.99-D 
128—159.99 = 159.99 —159.99—- D 
—31.99=-D 
-1(31.99) = -1(-—D) 


31.99 = 
The discount is $31.99. 


Strategy 

To find the percent increase, find the amount of 
the increase and solve the basic percent equation, 
where the base is the number of filings in 1996 
and the amount is the amount of the increase. 


Solution 
1,404,145 — 1,178,555 = 225,590 
PB=A 

P(1,178,555) = 225,590 

1,178,555P 225,590 
1,178,555 1,178,555 
.P=0.19 
The percent increase is 19%. 


Strategy 
To find the depth, replace the variable P with the 
given value and solve for D.- 


Solution 
P=154—D 
2 


55 =15 td 
2 


$5-15=15-15+—D 


40=+D 


2 
=o! 
wf) 


80=D 
The depth is 80 ft. 


44. Strategy 
To find the location of the fulcrum, replace the 


variables F, F,, and d in the lever system 
equation by the given values, and solve for x. 


Solution 
Fx = F,(d-x) 
25x =15(8— x) 
25x =120—-15x 

25x +15x =120-—15x+15x 
40x =120 
40x _ 120 
40 40 


co 
The fulcrum is 3 ft from the 25-lb force. 


45. Strategy 
To find the length, replace the variables P and W 
in the equation by the given values and solve for 


L. 
Solution 
P=2L+2W 
84 =2L+2(18) 
84=2L+36 
84-36 =2L+36-36 
48=2L 
soak 
Zee? 
24=L 
The length is 24 ft. 
Chapter Test 
la ps 
4 
4(3 4 
e290 
(<2) ae? 


x=- 
The solution is —12. 


ee 6-S5x=5x+11 
6—-—5x-5x=5x-5x+l1l . 
6-10x=11 
6-6-10x=11-6 
-10x =5 
—10x 5 


-10 >-10 
1 


xt=-— 


2 


The solution is ->. 





3. 3x-5=-14 
3x-54+5=-144+5 


3x=-9 
3 
3 3 
x=-3 


The solution is —3. 





The solution is = 


6. 5x-2(4x-3)=6x+9 
5x-8x+6=6x+9 
—3x+6=6x+9 
—3x -—6x+6=6x-6x+9 
-9x+6=9 
-9x+6-6=9-6 
-9x =3 
ok mao 


oar 


x=-— 
See! 1 
The solution is aa: 


de 7-4x =-13 
7-7-4x =-13-7 
—4x = -20 
n4x _ -20 
4 -4~_ 
mx ='5 
The solution is 5. 


8. 11-—4x =2x+8 
11-4x-2x =2x-2x+8 
11-6x=8 
11-11-6x =8-11 
-6x =-3 
—6x _ -3 


seo 


x= 


Nl] 
—_ 


The solution is 3° 


9, x-3=-8 
x-3+3=-84+3 
x=-5 
The solution is —5. 


10. 


12. 


13. 


14. 
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3x-2=5x+8 
3x-5x-2=5x-5x+8 
—2x-2=8 
—2x-2+2=8+2 
—2x =10 
—2x 10 
—2 2 
x=-5 
The solution is —5. 


The solution is -2. 


6x —3(2 -—3x) = 4(2x-7) 
6x-—64+9x =8x-—28 
15x-6 =8x—28 
15x -8x-6 =8x-8x-28 
7x-6=-28 
7x -6+6=-28+6 
7x =-22 
Tz -22 
d a, 
22 
x=-— 
7 


The solution is -=. 


6-—2(5x -—8) =3x-4 
6-10x+16=3x-4 
22-10x =3x-4 
22 -10x —3x =3x-3x-4 
22-13x =-4 : 
22 —22-13x =-4-—22 
-13x =-26 © 
=13x _ =26 
-13 -13 
5 
The solution is 2. 





9-3(2x -—5) =12+5x 
9-6x+15=12+5x 
—6x +24 =12+5x 
—6x —5x+24=12+5x-5x 
-11x+24=12 
-11x+24-24=12-24 
-llx =-12 
=lly S12: 
-11 -i1 
_2 
11 


The solution is =. 
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15. 3(2x —5) =8x-9 


6x-15=8x-9 
6x -8x-15=8x-8x-9 
—2x-15=-9 
—2x-15+15=-9+15 
—2x=6 
atx _ 6. 
—2 2 
x=-3 
The solution is —3. 
16. PB=A 
P(16) = 20 
P16) _ 20 
16 16 
P=1.25 
The percent is 125%. . 
17. PB=A 
0.30B =12 
0.30B _ 12 
0.30 . 0.30 
B=40 
The number is 40. 
18. 
-§ -4-3-2-1 01234 5 
19. —2+x<-3 
—24+2+x<-3+2 
xs-l 
-5 -4-3-2-1 0123 4 5 
20. spake 
8 4 
=(2:) ={ | 
3\8 3\ 4 
x>-2 


-5 -4-3-2-101234 5 


21. x+=—>= 


22. 3(x -7)25x-12 
3x-2125x-12 
3x —5x-2125x-5x-12 
—2x-212-12 
—2x-—21+212-12+21 
—2x29 


3 
-—<6 
= 8 
Sins 8 
pat preety | a 8 5 
+ 8 ) re) 
x2-16 


24. 4x-2(3-5x)<6x+10 
4x-6+10x<6x+10 
14x-6<6x+10 
14x-6x-6< 6x-6x+10 
8x-6<10 
8x-6+6510+6 
8x <16 
8x < 16 


8 8 
x<2 


25. 3(2x -5) 28x-9 
6x-1528x-9 
6x—-8x-1528x-8x-9 
-2x-152-9 
—2x-15+152-9+15 
—2x 26 
ate 26 
2° -2 
x<-3 
26. 15-—3(5x-7)<2(7-2x) 
15-15x+21<14-4x 
—-15x+36<14-4x 
—-15x+4x+36<14-4x+4x 
. =—llx+36<14 
-11x+36-36<14-36 
—llx <-22 
-llx_ -22 
> 
-11. -11 
x>2 





27. —6x +16 =-2x 
—6x +6x+16=—-2x+6x 

—-16=4x 

16 _ 4x 


AA. 
4=x 
The solution is 4. 
2. p=83iqm=5 
3 6 
PB=A 
5 


—B=20 
6 


B=24 
The number is 24. 


29. Le Z 
3 


3(2 3 

Ses ass 

s($2)25@ 
x23 


-5 -4-3-2-10123 45 


30. x24+2x+1 =(x+1)? 
57 +.2(5) +1 | (5+1) 
25+10+1 | 62 
36 = 36 
Yes, 5 is a solution. 


31. Strategy 


To find the weight, solve the basic ae 
equation using B= 180 and P= 162% = =. The 
amount is unknown. 


Solution 
PB=A 


1 
—(180)=A 
6 ) 


30=A 
The astronaut would weigh 30 lb on the moon. 


32. Strategy 
To find the final temperature, replace each of the 


variables by its given value and solve for T. 


Solution 
m(T, —T) = mz (T -T2) 
100(80 — T) = SO(T — 20) 
8000 —- 1007 = SOT — 1000 
8000 + 1000 — 1007 = SOT — 1000 +1000 
9000 —- 1007 = SOT 
9000 —1007 +1007 = SOT +100T 
9000 = 150T 
9000 _ 1507 
150 150 
60=T 
The final temperature is 60°C. 


33. Strategy 
To find the number of calculators produced, 
replace each of the variables by its given value 


and solve for N. 


a 


Solution 
T=U:-N+F 
5000 = 15N + 2000 
3000 =15N 
200 = N 
200 calculators were produced. 


Cumulative Review Exercises 


= 


1. -6-(-20)-8=-6+20-8 
=14-8 


=6 
(—2)(-6)(—4) = 12(-4) 
48 


2. ' 
8. 


9, 


Cumulative Review Exercises 55 








32 
= (2) = 20S seep 


9 
=25-3-—_-(-2 
SHE 


25-3: SF ch 





9 
395 3s (2 
9 (-2) 


= 25-3-1-(-2) 
= 25-3-(-2) 
= 254(-3)+2 
=22+2 

=24 


= 3[2-(-4)]- 22)G) 
= 3(2+4)—2(2)(3) 

= 3(6) — 2(2)(3) 
=18-12 

=6 


3x —8x +(-12x) = —5x +(-12x) 
-17x 


2a—-(-3b)-—7a—5b = 2a+3b-—Ta-—5b 
=2a-—7a+3b-—5b 
=(2-—7)a+(3-5)b 
=-Sa-2b © 


3(a—c)—2ab 
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10. 


11. 


12. 


13. 


14. 


BS 


16. 


17. 


18. 


19. 


20. 


21. 


22. 


23. 


Chapter 3: Solving Equations and Inequalities 


—4(-9y) = 36y 


~2(-x? — 3x +2) =-2(-x”) - 2(-3x) - 2(2) 


=2x* +6x-4 


—2(x —3)+2(4-—x) =-2x+6+8-—2x 
—2x-2x+6+8 
—-4x+14 


oil 


—3[2x — 4(x —3)]+ 2 =—3[2x-4x+12]+2 


= -3[-2x +12]+2 
=6x-36+2 
=6x-34 


{-7, -6, 5, 4, -3, -2, -l} 


2 = 2(100%) = Om = 87 -% 


342% = 342(0.01) = 3.42 


625% = 624 1 ma) B(o)\-3 
100 2 \100) 8 


x7 +6x4+9=x43 
(—3)* +6(-3) +9 | -3+3 
9-18+9]|0 
0=0 
Yes, —3 is a solution. 


x-4=-9 
x-44+4=-944 
x=-5 
The solution is —5S. 


eens 
5 


5/3 5 
(57)"309 


x=-25 
The solution is —25. 


13-9x=-14 
13-13-9x =-14-13 

-9x =-27 

x =27 


9 -9 
598 
The solution is 3. 


5x -8=12x+13 
5x -12x-8=12x-12x+13 
—-7x -8 =13 
-7x-8+8=13+8 
-7x =21 
ix 21 
74 -7 
x=-3 
The solution is —3. 


24. 


25. 


26. 


27. 


28. 


29. 


30. 


31. 


8x -—3(4x-—5)=-2x-11 
8x —-12x+15=-2x-11 
—4x+15=-2x-11 
—4x+2x4+15=-2x+2x-11 

—2x+15=-11 
—2x +15-15=-11-15 

—2x = -26 

a2x -26 

ae Taye 

x=13 

The solution is 13. 


§x-424x+8 
5x—4x-424x-4x48 
x-428 
x-44+428+4 
e212 


3x+17<Sx-1 
3x -—5x+17<5x-5x-1 
—2x+17<-1 

—2x+17-17<-1-17 

2x <-18 

2x > 218 

ie as 

x>9 

the unknown number: n 


the quotient of a number and 12: = 


the difference between eight and the quotient of a 
number and 12 
geZe 

12 
the unknown number: n 
two more than the number: n + 2 
the sum of a number and two more than the 
number 
aa 

=2n+2 


number of five-dollar bills: b 
number of ten-dollar bills: 35 — b 


length of the shorter piece: s 
length of the longer piece: 3s — 4 


32. 


33. 


Cumulative Review Exercises 


Strategy 

To find the percent of the computer programmer’s 
salary dedected for income tax, solve the basic 
percent equation using 


B= $650 and A = $110.50. 


Solution 
PB=A 
P(650) = 110.50 
P(650) _ 110.50 
650 650 
P=0.17 
The percent is 17%. 


Strategy 
To find the year, replace t by 4 in the equation and 


_ Solve for y. : 


34. 


35. 


Solution 
t =17.08—0.0067y 
4=17.08 -—0.0067y 
4-17.08 = 17.08 — 17.08 — 0.0067y 
—13.08 = —0.0067y 
-13.08 _ -0.0067y 
—0.0067  -0.0067 
1952 = y 
The predicted year is 1952. 


Strategy 
To find the final temperature, replace each of the 
variables by its given value and solve for T. 


Solution 
m(T, -T) = mz(T - Ty) 
300(75 — T) = 100(T —15) 
22,500 — 3007 = 1007 —1500 
22,500 + 1500 — 3007 = 1007 — 1500 +1500 
24,000 — 3007 = 100T 
24,000 — 3007 + 300T = 100T +3007 
: 24,000 = 400T 
24,000 _ 4007 
400 400 
60=T 





The final temperature is 60°C. 


Strategy 
To find the force that will balance the lever, 


‘replace the variables F,, x, and d in the lever 


system equation with the given values, and solve 
for F). 


Solution 
Kix = F,(d-x) 
26(12) = F,(25—12) 
312 = F,(13) 
312 _ 03) 
13-43 
24=F, 
The system will balance if a force of 24 Ib is 
applied. 
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Chapter 4: Solving Equations and Inequalities: Applications 





Section 4.1 9. the unknown number: n 
Concept Review 4.1 six times the difference 
Twelve is | between a number and 
1. Always true three 
3. Always true _ 12=6(n-3) 
5. Never true 12=6n-18 
The length of the other piece is expressed as 12+18=6n—18+18 
(19 — x) in. 30 = 6n 
30 _ 6n 
Objective 1 Exercises 6.26 
1. the unknown number: n . Tha siniends 2 ¥s 


ps free between a a 11. the Gakioys number: n 
n-154+15=7+15 





n=22 22 =6n-2 
The number is 22. 224+2=6n-—2+2 
24=6n 
3. the unkn ber: 
e unknown number: n 24a 
6 6 
The number is 4. 
In =-21 ' : 
tn =? 13. the unknown number: n 
a = ied Seven more than three more than 
The number is —3. four times a is | two times the 
number number 
5. the unknown number: n dneda2na3 
Four less than three : 4n-2n+7=2n-2n+3 
times a number a8 five 2n+7=3 
2n+7-7=3-7 
3n =. 4 = 5 2n = =A 
psa 2n_-4 
n= ee 
one 
3n = 2 n=-—2 
sy The number is —2. 
n=3 
The number is 3. 15. the unknown number: n 


7. the unknown number: n four more than 


: i eight times the 
Four times the sum of is iweive times a number number 
twice a number and three 
5n-—8=8n+4 


Eight less than five 





4(2n +3) =12 Sn-8n-8=8n—-8n+4 © 
8n+12=12 —3n-8=4 
8n+12-12=12-12 ~3n-84+8=448 
8n=O0 —-3n =12 
ae -3n 12 
8 8 = 
eae 3 3 


The number is 0. The number is —4. Soa 


17. the unknown number: n 


Twice the difference 






‘ three times 
between a number and iS | the number 
twenty-five 

2(n — 25) =3n : 
2n—50 =3n 
2n-2n-50=3n-2n 

-50=n 


The number is —50. 


19. the smaller number: n 
the larger number: 20 -n 


Three times is equal to | two times the 
the smaller larger 


3n = 2(20—n) 
3n = 40-2n 
3n+2n=40-—2n+2n 
5n = 40 
sn _ 40 


5 5 
n=8 
20-n =20-8=12 
The smaller number is 8. 
The larger number is 12. 


21. the smaller number: n 
the larger number: 18-7 


The total of three times 


the smaller and twice the } is forty-four 
larger 





3n+2(18-n) = 44 
3n+36-—2n=44 
n+36=44 
n+36—-36=44-36 
n=8 
18-n=18-8=10 
The smaller number is 8. 
The larger number is 10. 


Objective 2 Exercises 


23. Strategy 
To find the original value of the car, write and 
solve an equation using v to represent the original 
value of the car. 





Solution 
: three-fifths of the original 
i) 
3 
9600 = — 
5” 
5 S(-3 
—(9600) = =| = 
pee a ( 5 ) 
16,000 = v 


The original value of the car was $16,000. 
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25. Strategy 
To find the storage capacity of the second hard- 
disk drive, write and solve an equation using g to 
represent the storage capacity of the second hard- 
disk drive. 


Solution 


0.5 js | one-fourth the storage of the 
second drive 
0.5 = . 


4 
1 
0.5)=4 — 
4(0.5) rt 4 :) 
De 
The storage capacity of the second hard-disk drive 
is 2 gigabytes. 


27. Strategy © 
To find the intensity of the sound of a jet engine, 
write and solve an equation using j to represent 
the intensity of the sound of a jet engine. 


Solution 






40 less than twice 


Intensity of the 





sound of a jet is | the intensity of 
engine sound of a blender 
j =2(70 + 20) - 40 
j = 180-40 
j = 140 
The intensity of the sound of a jet engine is 140 
decibels. 
29. Strategy 


To find the amount of mulch, write and solve an 
equation using x to represent the amount of iron, 
2x to represent the amount of potassium, and 5x to 
represent the amount of mulch. 


Solution 


24 js | the total amount of iron, 
potassium, and mulch 


24=x+2x+5x 
24 =8x 
2A _& 
8 8 
3=x 
5x = 5(3) =15 
The amount of mulch is 15 Ib. 
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31. 


33. 


SD 


Chapter 4: Solving Equations and Inequalities: Applications 


Strategy 

To find the monthly payment, write and solve an 
equation using x to represent the amount of the 
monthly payment. 


Solution 


the total of the down payment 


3276 | is | and the 24 equal monthly 





installments 


3276 = 450+ 24x 
3276 - 450 = 450 — 450+ 24x 

2826 = 24x 

2826 24x 


eA DA 
117.75 =x 
The monthly payment is $117.75. 


Strategy 

To find the number of hours of labor, write and 
solve an equation using x to represent the number 
of hours of labor. 


Solution 
is | the total cost of the water pump 
and the labor 
600 = 375+ 45x 
600 — 375 = 375 —-375 + 45x 
225 = 45x 
225 _ 45x 
45 45 
5=x 


The number of hours of labor is 5. 


Strategy 

To find the number of tickets, write and solve an 
equation using 7 to represent the number of tickets 
purchased. 


Solution 


161 is | the total cost of the $3.50 fee 
plus the cost of the tickets 


161=3.50+17.5n 
157.5 =17.5n 
157.5 _17.5n 


175175 


9=n 
9 tickets are purchased. 





_ 37. 


39. 


41. 


Strategy 

To find the length and the width, write and solve 
an equation using W to represent the width and 
1.6W to represent the length. 


Solution 


The sum of the length ° 


1.6W+W =130 
2.6W = 130 
2.6W _ 130 
2. Onmne.O 
W=50 
1.6W = 1.6(50) = 80 
The width is 50 ft. The length is 80 ft. 


Strategy 

To find the number of hours, write and solve an 
equation using 7 to represent the number of hours 
worked. 


Solution 


the total dues for March, 
including a $4.00 fee plus $.15 


29.20| is 
per hour worked 


29.2=4+0.15n 
25.2 =0.15n 
25.2 _ 0.15n 
0.15 0.15 
168=n 
The union member worked 168 h. 


Strategy 

To find the number of minutes, write and solve an 
equation using m to represent the number of 
minutes the service was used. 








Solution 


the total bill for the customer, 
including a $9.00 fee plus $.50 


14.50] is 
’ | per minute used 





14.5=9+0.5m 
5.5 =0.5m 
05 05 
ll=m 
The customer used the hotline for 11 min. 


43. Strategy 
A door frame has two heights and one width. To 
find the width, write and solve an equation using 
W to represent the width and 3W — 1 to represent 
the height. 


Solution 


Twice the height plus the width | equals 


2(3W -—1)+W =19 

6W-2+W=19 

TW -2=19 
TW -2+2=19+2 

TW =21 

Ww _ 21 

oT, a. 

W=3 
The width is 3 ft. 


Applying Concepts 4.1 


45. Strategy 
To find the part of the container filled at 3:39 P.M., 
write and solve an equation using x to represent 
the amount of liquid in the container at 3:39 P.M.. 


Solution 


Triple the 
amount in the 
container at 
3:39 PM. 


the part of the 
container filled at 





: of the container is filled at 3:39 P.M. 


47. Strategy 
To find how many minutes the call lasted, write 
and solve an equation using x to represent the 
number of additional minutes after the first three. 
Solution 


$1.21 and $.42 for each $6.25 
additional minute 


1.21+0.42x = 6.25 
1.21-1.21+0.42x =6.25-1.21 
0.42x = 5.04 
0.42x _ 5.04 
on _ 042 
The call lasted 12 additional sainnies after the first 
3 min, so the call lasted 15 min: 
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49. Strategy 
To find how many coins are in the coin bank, 
write and solve an equation using x to represent 
the number of coins in the bank. 


Solution 


The total number of coins 


less 4 of the coins less . is | 14 nickels 
of the coins 





poe eros 
= 6 e2255 


30 5 18 
—x-—x-—x=14 
30 30 # 30 
gait 
30 
30( 7 
— prey: 
cee a 


t= 0 
There are 60 coins in the bank. 


Section 4.2 


Concept Review 4.2 
1. Always true 
3. Always true 


5. Never true 
The number of dimes is represented by 20 —n. 


Objective 1 Exercises 


3. Strategy 
First integer: n 
Second integer: n + 1 
Third integer: n + 2 
The sum of the integers is 54. 


Solution 
n+(n+1)+(n+2)=54 
3n+3=54 
3n=51 
n=17 


n+1=17+1=18 
n+2=17+2=19 
The integers are 17, 18, and 19. 


5. Strategy 
First even integer: n 
Second even integer: n + 2 
Third even integer: n + 4 
The sum of the three integers is 84. 


Solution 
nt+(n+2)+(n+4) =84 
3n+6=84 
- 3n=78 


n= 
n+2=26+2=28 
n+4=26+4=30 
The three integers are 26, 28, and 30. 
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7. 


11. 


13. 


Chapter 4: Solving Equations and Inequalities: Applications 


Strategy 
First odd integer: n 


Second odd integer: n + 2 


Third odd integer: n + 4 
The sum of the three integers is 57. 


Solution 
n+(n+2)+(n+4) =57 
3n+6=57 
3n=51 
n=17 


n+2=17+2=19 
n+4=17+4=21 
The three integers are 17, 19, and 21. 


Strategy 

First even integer: n 

Second even integer: n + 2 

Five times the first equals four times the second. 


Solution 


=4(n+2) 
5n=4n+8 


n=8 
n+2=8+2=10 
The integers are 8 and 10. 
Strategy 


First odd integer: n 
Second odd integer: n + 2 


Nine times the first equals seven times the second. 


Solution 
9n=7(n+2) 
9n=7n+14 
2n=14 
n=7 
n+2=7+2=9 
The integers are 7 and 9. 


Strategy 

First integer: 

Next consecutive integer: n + 1 
Next consecutive integer: 2 + 2 
The sum of the integers is —24. 


Solution 
n+(n+1)+(n+2) =—-24 
3n+3=-24 
3n =-27 
n=-9 


The integers are —9, -8, and —7. 


15. Strategy 


First even integer: n 

Second even integer: n + 2 

Third even integer: n + 4 

Three times the smallest even integer equals two 
more than twice the largest. 


Solution 
3n =2(n+4)+2 
3n =2n+8+2 


n=10 
n+2=10+2=12 
n+4=10+4=14 
The integers are 10, 12, and 14. 


- Strategy 


First odd integer: n 

Second odd integer: n + 2 

Third odd integer: n + 4 

Three times the middle number is six more than 
the sum of the first and third numbers. 


Solution 
3(n+2)=n+(n+4)+6 

3n+6=2n+10 

n+6=10 
n=4 

n+2=4+2=6 
n+4=44+4=8 
There is no solution, since the solutions must be 
odd. 


Objective 2 Exercises 
21. Strategy 


Number of dimes: x 
Number of quarters: 27 — x 


Coin Number Value Total value 





Dime x 10 10x 
Quarter 27-x 25 25(27 — x) 


The sum of the total values of each type of coin 
equals the total value of all the coins (495 cents). 


Solution 
10x + 25(27 — x) = 495 
10x +675 — 25x = 495 
—15x +675 = 495 
—15x =-180 
x=12 
27 -—x=27-12=15 
There are 12 dimes and 15 quarters in the bank. 


23. Strategy 
Number of 33¢ stamps: x - 
Number of 23¢ stamps: 40 — x 


Total value 
33 33x 


Stamp Number - Value 





23 23(40 — x) 


The sum of the total values of each type of stamp 
equals the total value of all the stamps 
(1240 cents). 


Solution 

33x + 23(40 — x) =1240 

33x +920 —23x =1240 

920 + 10x =1240 
10x = 320 
x =32 

40-x=40-32=8 
There were thirty-two 33¢ stamps and eight 23¢ 
stamps purchased. 


25. Strategy 
Number of 29¢ stamps: 3x— 4 
Number of 3¢ stamps: x 






Stamp Number Value Total value 
29¢ 3x-4 29 29(3x— 4) 
3¢ x 3 3x 


The sum of the total values of each type of stamp 
equals the total value of all the stamps (154 cents). 


Solution 
29(3x — 4) +3x =154 
87x -116+3x =154 
90x -116=154 
90x = 270 


x=3 ; 
3x-4=3(3)-4=9-4=5 
There were five 29¢ stamps in the drawer. 


27. Strategy 
Number of quarters: x 
Number of dimes 44 — x 


Total value 


Coin Number Value 





The sum of the total values of each type of coin 
equals the total value of all the coins (860 cents). 


Solution 
25x +10(44-x) = 860 
25x + 440 -10x = 860 
15x + 440 = 860 
15x = 420 


x=28 
There are 28 quarters in the piggy bank. 


29. 
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Strategy 
Number of one-dollar bills: x 
Number of five-dollar bills: 26 —x 


Bill Number Value Total value 





31. 


33. 


The sum of the total values of each type of bill 
equals the total value of all the bills ($50). 


Solution 
1x +5(26-x)=50 
x+130-—5x=50 
130-4x =50 
—4x =-80 


= 20 
26 -x=26-20=6 
There are 20 one-dollar bills and 6 five-dollar bills 
in the cash box. 


Strategy 

Number of pennies: x 
Number of nickels: 6x 
Number of dimes: 4x 


Coin Number Value Total value 


Penny 


Nickel 


Dime 





The sum of the total values of each type of coin 
equals the total value of all the coins (781 cents). 


Solution 
1x + 5(6x) +10(4x) = 781 
x+30x+40x = 781 
71x =781 


x=11 
There are 11 pennies in the bank. 


Strategy 
Number of 40¢ stamps: x 
Number of 22¢ stamps: 4x +3 


Stamp Number Value Total value 


40 40x 
22 22(4x + 3) 





The sum of the total values of each type of stamp 
equals the total value of all the stamps (834 cents). 


Solution 
40x + 22(4x +3) = 834 
40x + 88x + 66 = 834 
128x + 66 = 834 
128x = 768 


x=6 
4x+3=4(6)+3=24+3=27 
There are twenty-seven 22¢ stamps in the 
collection. 
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Chapter 4: Solving Equations and Inequalities: Applications 


Strategy 
Number of 3¢ stamps: x— 5 
Number of 7¢ stamps: x ~ 


Number of 12¢ stamps: zt 


Stamps Number Value Total value 





37. 





The sum of the total values of each type of stamp 
equals the total value of all the stamps (273 cents). 


Solution 
3(4-5)+7x419 2] =273 
34 =15-49x+6x= 273 


16x -15 = 273 
16x = 288 
x=18 
x-5=18-5=1]13 
1 1 
—x=—(18)=9 
ae * ye 


There are thirteen 3¢ stamps, eighteen 7¢ stamps, 
and nine 12¢ stamps in the collection. 


Strategy 

Number of 6¢ stamps: 3x 
Number of 8¢ stamps: x 
Number of 15¢ stamps: 3x + 6 


Total value 
6(3x) 


Stamp Number Value 


8x 


15(3x + 6) 
The sum of the total values of each type of stamp 


equals the total value of all the stamps (516 cents). 


Solution 
6(3x) + 8x +15(3x + 6) =516 
18x +8x+45x+90=516 
71x +90 =516 
71x = 426 
x=6 
3x = 3(6) = 18 
3x +6=3(6)+6=18+6=24 
There are eighteen 6¢ stamps, six 8¢ stamps, and 
twenty-four 15¢ stamps in the collection. 


Applying Concepts 4.2 


39. Strategy 
First even integer: n 
Second even integer: n + 2 
Third even integer: n + 4 
Fourth even integer: n + 6 
The sum of the four integers is —36. 


Solution 
n+(n+2)+(n+4)+(n+6) =—36 
4n+12 =-36 
4n = -48 
n=-12 


n+2=-12+2=-10 
n+4=-12+4=-8 
n+6=-12+6=-6 

The four integers are —12, -10, —8, and -6. 


41. Strategy 
Number of dimes: x 
Number of quarters: 2x — 2 


Coin Number Value Total value 





Dime Ey 10 10x 
Quarter 2x-2 2S 25(2x - 2) 


The total number of coins is 34. 


Solution 
x+2x-2=34 
3x-2=34 
3x =36 


te 
2x -2 = 2(12) -2=24-2=22 
There are 12 dimes and 22 quarters in the bank. 
Total value = 10(12) + 25(22) = 120 + 550 = 670 
$6.70 is in the bank. 


43. Strategy 
First odd integer: n 
Second odd integer: n + 2 
Third odd integer: n + 4 
The sum of the first and third is twice the second. 


Solution 
n+(n+4) =2(n+2) 

2n+4=2n+4 

_ 4=4 
This is a true equation. For any three consecutive 
odd integers, the sum of the first and third is twice 
the second. f 


Section 4.3 - 


Concept Review 4.3 


1. 
3. 
Ss 


Always true | 
Always true 


Never true 


The perimeter of a geometric figure measures the 
distance around the figure. 


Objective 1 Exercises 


1. 


Strategy 

Each equal side: x 

The third side: 0.5x 

Use the equation for the perimeter of 
a triangle. 


Solution 
a+b+c=P 
x+x+0.50x =125 
2.50x =125 
x=50 


0.50x = 0.50(50) = 25 
The lengths of the sides are 25 ft, 50 ft, and 50 ft. 


. Strategy 


Width: W 

Length: 2W —3 

Use the equation for the perimeter of 
a rectangle. 


Solution 
2L+2W=P 


2(2W —3)+2W =42 
4W -6+2W=42 
6W -6=42 
6W =48 
W=8 
2W -3 =2(8)-3=16-3 


iS 
The width is 8 m. 
The length is 13 m. 


Strategy 

Width: W 

Length: 2W 

Use the equation for the perimeter of 
a rectangle. 


Solution 
2L+2W=P 
2(2W)+2W =120 
4W+2W =120 
6W =120 
W=20 
2W =2(20) = 40 


The width is 20 ft. 
The length is 40 ft. 


11. 


13. 
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Strategy 

First side: 2x 

Second side: x 

Third side: x + 30 

Use the equation for the perimeter of 
a triangle. 


Solution 
at+b+c=P 
2x+x+(x+30)=110 
4x+30=110 
4x =80 
x=20 
2x =2(20) = 40 
x+30=20+30=50 


The sides of the triangle measure 20 cm, 40 cm, - 
and 50 cm. 


Strategy 

Length: L 

Width: 0.30L 

Use the equation for the perimeter of 
a rectangle. 


Solution 
2L+2W=P 


2L+2(0.30L) = 338 
2L+0.60L = 338 
2.60L = 338 
L=130 


0.30L = 0.30(130) =39 
The length is 130 ft. 
The width is 39 ft. 


Strategy 

To find the width, use the formula for the 
perimeter of a rectangle. Substitute 64 for P and 
20 for L. Solve for W. 


Solution 


P=2L+2W 
64 =2(20)+2W 
64=40+2W 
24=2W 


12=W 


The width is 12 ft. 


Strategy 

To find the length of each side, use the formula 
for the perimeter of a square. Substitute 48 for P. 
Solve for s. 


Solution 
P=4s 
48=4s 


12=s 
The length of each side is 12 in. 
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Objective 2 Exercises 


15. 


17. 


19. 


21. 


Strategy 
To find the complement, let x represent the 
complement of a 28° angle. Use the fact that 


‘complementary angles are two angles whose sum 


is 90° to write an equation. Solve for x. 


Solution 
x+28°=90° 
x =62° 
The complement of a 28° angle is a 62° angle. 


Strategy 
To find the supplement, let x represent the 


_ supplement of a 73° angle. Use the fact that 


supplementary angles are two angles whose sum 
is 180° to write an equation. Solve for x. 


Solution 
x +73°= 180° 
x =107° 
The supplement of a 73° angle is a 107° angle. 
Strategy 
To find the measure of 2x, write an equation 


using the fact that the sum of x and x + 20° is 90°. 
Solve for Zx. 


Solution 
x+20°+x =90° 
2x+20°=90° 
2x = 70° 
x=35° 
The measure of Zx. is 35°. 


Strategy 


To find the measure of Zx, write an equation 
using the fact that the sum of x and 3x + 10° is 
90°. Solve for 2x. 


Solution 
x+3x+10°=90° 
4x+10=90° 
4x =80° 
x= 202 
The measure of Zx is 20°. 


Strategy 

To find the measure of Za, write an equation 
using the fact that the sum of the measure of Za 
and 127° is 180°. Solve for Za. 


Solution 

Za+127°=180° 
Zao 

The measure of Za is 53°. 


25. Strategy 


27. 


29, 


31. 


33. 


The sum of the measures of the three angles 
. shown is 360°. To find Za, write an equation and 
solve for Za. 


Solution 
Za+67°+172°= 360° 
Za+239°= 360° 
Za=i12'° 
The measure of Za is 121°. 


Strategy 

The sum of the measures of the three angles 
shown is 180°. To find x, write an equation and 
solve for x. 


Solution 
4x+6x+2x=180° 
12x =180° 
x=15° 
The measure of x is 15°. 


Strategy 

The sum of the measures of the three angles 
shown is 180°. To find x, write an equation and 
solve for x. 


Solution 
3x +(x +36°)+4x =180° 
8x + 36° =180° 
8x = 144° 
x=18° 
The measure of xis 18°. 


Strategy 

The sum of the measures of the four angles shown 
is 360°. To find x, write an equation and solve for 
x. 


Solution 
x+2x+3x+2x = 360° 
8x = 360° 
x=45° 
The measure of x is 45°. 


Strategy 

The angles labeled are adjacent angles of 
intersecting lines and are, therefore, 
supplementary angles. To find x, write an 
equation and solve for x. 


Solution 
x+131°=180° 
x= 49° 
The measure of x is 49°. 


35. 


37. 


39. 


Strategy 

The angles labeled are vertical angles and are, 
therefore, equal. To find x, write an equation and . 
solve for x. 


Solution 
7x =4x+36° 
3x =36° 
ei 
The measure of x is 12°. 
Strategy 
To find the measure of Za , use the fact that 


alternate interior angles of parallel lines are equal. 
To find the measure of Zb, use the fact that 


‘adjacent angles of intersecting lines are 


supplementary. 
Solution 
Za= 122° 

Zb+ Za=180° 4S. 
Zb+122°=180° 

Zb=58° 

The measure of Za is 122°. 
The measure of Zb is 58°. 
Strategy 


To find the measure of 2b, use the fact that 
alternate interior angles of parallel lines are equal. 
To find the measure of Za, use the fact that 


- adjacent angles of intersecting lines are 


41. 


supplementary. 


Solution 
Zb= 136° 
Za+ Zb=180° 


- Zat+136°=180° 


Za=44° 
The measure of Za is 44°. 
The measure of 2b is 136°. 


Strategy 





6x =y because alternate interior angles have the 
same measure. y + 3x = 180° because adjacent 
angles of intersecting lines are supplementary. 
Substitute 6x for y and solve for x. 


Solution 
6x+3x =180° 


9x =180° 


i= 20e 
The measure of x is 20°. 


43. 
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Strategy 
3x 
4 
oh 
x +20 4 


\t 
y = 3x because corresponding angles have the 


. game measure. y + x + 20° = 180° because 


adjacent angles of intersecting lines are 
supplementary angles. Substitute 3x for y and 
solve for x. 


Solution 
3x+x+20°=180° 
4x+20°=180° 
4x =160° 


x=40° 
The measure of x is 40°. 


Strategy 





To find the measure of Zb: 

Use the fact that Za and Zc are 
complementary angles. 

Find Zb by using the fact that 2b 
and Zc are supplementary angles. 


Solution 
Zat+ Zc=90° 
38°+Zc = 90° 
Zc =52° 
Zb+ Zc =180° 
Zb+52°=180° 
 Zb=128° 


The measure of 2b is 128°. 
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Objective 3 Exercises 49. Strategy 


47. Strategy 





x 

To find the measure of angle y, use the fact that 
sum of an interior angle and exterior angle is 
180°. 

To find the measure of angle x: 

Find the measure of angle c by using the fact that 
the sum of an interior and exterior angle is 180°. 
Find the measure of angle d by using the fact that 


the sum of the interior angles of a triangle is 180°. 


Find the measure of angle x by using the fact that 
the sum of an interior and exterior angle is 180°. 





To find the measure of angle a: 

Find the measure of angle c by using the fact that 
the sum of an interior and exterior angle is 180°. 
Find the measure of angle a by using the fact that 
the sum of the measures of the interior angles of a 
triangle is 180°. 

To find the measure of angle b, use the fact that 


Solution the sum of an interior and exterior angle is 180°. 
Zat+Zy=180° 
a eA Sane Solution 
+Zy= : Zc+Zy =180° 
= ° 
Se ack Ze +130°=180° 
= sens Zc =50° 
5°+Ze = 180 Zat+Zc+90°=180° 
» i as ‘as Za+50°+90°= 180° 
ne : 180° gee ek 
160°+/d = 180° ea 
+4 = Za+ Zb =180° 
= ° 
Zd=20 40°+Zb =180° 
2x + Zd =180° 
* ° Zb =140° 
4x + 20°=180 The measure of Za is 40°. 
Zx=160° The measure of Zb is 140°. 
The measure of Zx is 160°. 
The measure of Zy is 145°. 51. Strategy 


53. 


To find the measure of ZAOC, use the fact that 
the sum of the measures of the angles x + 15°, 


ZAOC, and ZAOB is 180°. Since AOLOB, 
ZAOB is 90°. 


Solution » 
(x+15°)+ ZAOC + ZAOB =180° 
x+15°+ZAOC +90°=180° 
x+ZAOC+105°=180° 
ZAOC = 75°-x 
The measure of ZAOC is 75° — x. 


Strategy 
To find the measure of the third angle, use the fact 


that the sum of the measures of the interior angles 


of a triangle is 180°. Write an equation using x to 
represent the measure of the third angle. Solve the 
equation of x. 


Solution 
x +45°+90° = 180° 
x+135° =180° 
x =45° 
The measure of the third angle is 45°. 


55. 


57. 


59. 


61. 
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Strategy Applying Concepts 4.3 
To find the measure of the third angle, use the fact Eien E 
that the sum of the measures of the interior angles 63. Strategy 


of a triangle is 180°. Write an equation using x to 
represent the measure of the third angle. Solve the 
equation for x. 


Solution 
x+62°+45° =180° 
x +107° =180° 


x=73°- 
The measure of the third angle is 73°. 


Strategy 

To find the measure of the third angle, use the fact 
that the sum of the measures of interior angles of a 
triangle is 180°. Write an equation using x to 
represent the measure of the third angle. Solve the 
equation for x. 


Measure of the first angle: 2x 
Measure of the second angle: x 
Measure of the third angle: 3x 5 
The sum of the measures of the angles of triangle 
is 180°. 


Solution 3. 


2x+x+3x=180 
6x =180 
6x _ 180 
6 66 
x=30 
2x = 60 
3x =90 
The measures of the angles are 60°, 30°, and 90°. 


Width of the original rectangle: W 
Length of original rectangle: 2W + 1 
Width of new rectangle: W— 1 
Length of new rectangle: 
2W+1-2=2W-1 

New perimeter is 20 cm. 


Solution 
2(2W -1)+2(W-1)=20 
4W -2+2W-2=20 
6W-4=20 
6W =24 
Ww=4 
2W +1=2(4)+1=9 
The original length is 9 cm and the original width 


is 4.cm. 
Solution 
x +105° +32° =180° 66. es 
ngth: 
x +137° =180° Width: 8x 
x = 43° Use the equation for the perimeter of a rectangle 
The measure of the third angle:is 43°. 
Si Solution 
ategy 2 
Measure of one of the equal angles: x 2 ee Z si ms sia 
Measure of the third angle: 3x- 10 OL +16 we 
The sum of the measures of the angles of a Nieto ee 
triangle is 180°. 2L+16x +(—16x) = 48x + (—16x) 
2L=32x 
Solution 2L _ 32x 
. ¥+x4+3x-10=180 ae 
= = =10X 
2 i : am The length is 16x. 
5x _ 190 Section 4.4 
5 5 
x =38 Concept Review 4.4 
3x - 10 = 3(38) —- 10 = 104 : 
The measures of the angles are 38°, 38°, and 104°. 1. Always true 
Strategy . 3. Never true 


The variable r represents the discount rate. The 
variable R represents the regular price. 


. Always true 


Objective 1 Exercises 


Strategy 

Given: r = 40% = 0.40, C = $40 
Unknown selling price: § 

Use the equation S=C+rC 


Solution 

S=C+rcC 

S = 40 + 0.40(40) 
S=40 + 16 

5 =56 

The selling price is $56. 
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5. 


11. 


Chapter 4: Solving Equations and Inequalities: Applications 


Strategy 


Given: r = 58% = 0.58, C = $358 


Unknown selling price: S$ 
Use the equation S = C + rC. 


Solution 

S=C+rC 

S = 358 + 0.58(358) 

S = 358 + 207.64 

S = 565.64 

The selling price is $565.64. 


. Strategy 


Given: S = $630, C = $360 
Unknown markup rate: r 
Use the equation § = C + rc. 


Solution 
S=C+rc 

630 = 360+ 360r 
. 270 = 360r 

270 _ 360r 

360 360 

0.75=r 
The markup rate is 75%. 


Strategy 

Given: S = $520, C = $360 
Unknown markup rate: r 
Use the equation S = C +r. 


Solution 
S=C+rcC 

520 = 360 + 360r 

160 = 360r 

160 _ 360r 

360 360 
0.444=r 
The markup rate is 44.4%. 





Strategy 

Given: S = $156.80, C = $98 
Unknown markup rate: r 
Use the equation S=C +r. 


Solution 
S=C+rc 
156.80 = 98+ 98r 
58.80 = 98r 
58.80  98r 


0.60=r 
The markup rate is 60%. 


13. 


15. 


17. 


Strategy - 

Given: S = $168, r= 40% = 0.40 
Unknown cost: C 

Use the equation § = C + rC. 


Solution 
S=C+rc 
168 = C+0.40C 
168 =1.40C 
168 _ 1.40C 
1.40 1.40 
120=C 
The cost is $120. 


Strategy 

Given: S = $82.60, r = 40% = 0.40 
Unknown cost: C 

Use the equation S = C +r. 


Solution 
S=C+rc 
82.60 = C +0.40C 
82.60 =1.40C 


Strategy 

Given: S = $2187.50, r = 25% = 0.25 
Unknown cost: C 

Use the equation § = C + rC. 


Solution 
S=C+rc 
2187.50 = C +0.25C 
2187.50 =1.25C 
2187:50"- '1:25€ 


TIS 155 
1750=C 
The cost is $1750. 





Objective 2 Exercises 
21. 


Strategy 

Given: R = $95, r= 25% = 0.25 
Unknown sale price: § 

Use the equation S = R — rR. 


Solution 

S=R-rR 

S = 95 — 0.25(95) 

S =95 — 23.75 

S =71.25 

The sale price is $71.25. 


23. 


25. 


27. 


29. 


Strategy 

Given: R = $230, r= 5% = 0.05 
Unknown sale price: § 

use the equation S = R—rR. 


Solution 

S=R-rR 

S = 230 —0.05(230) 

S =230-11.5 

S= 2185 

The sale price is $218.50. 


Strategy 

Given: R = $425, S = $318.75 
Unknown discount rate: r 
Use the equation S = R- rR. 


Solution 
S=R-rR 
318.75 = 425 -—425r 
—106.25 = -425r 
106.25 -425r 
-425 —425 


0.25=r 
The discount rate is 25%. 


Strategy 

Given: R = $1295, S = $995 
Unknown discount rate: r 
Use the equation S = R — rR. 





Solution 
S=R-rR 
- 995 =1295-1295r 
—300 = -1295r 
-300 _ -1295r 
-1295  -1295 
0.232 =r 
The discount rate is 23.2%. 
Strategy 


Given: R = $325, S = $201.50 
Unknown discount rate: r 
Use the equation S = R — rR. 





Solution 
S=R-rR 
201.50 = 325 -—325r 
—123.50 = —325r 
= 125, 0se oor 
—325 —325 
0.38=r 


The discount rate is 38%. 


31. 


33. 


35. 
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Strategy 

Given: S = $248, r= 20% = 0.20 
Unknown regular price: R 

Use the equation S = R — rR. 


Solution 
S=R-rR 
248 = R—0.20R 
248 =0.80R 
248 _ 0.80R 
0.80 0.80 
310=R 
The regular price is $310. 


Strategy : 

Given: S = $180, r= 40% = 0.40 
Unknown regular price: R 

Use the equation S = R — rR. 


Solution 
S=R-rR 
180 = R-0.40R 
180 =0.60R 
180 = 0.60R 
0.60 0.60 
300=R 
The regular price is $300. 


Strategy 

Given: S = $165, r= 40% = 0.40 
Unknown regular price: R 

Use the equation S = R— rR. 


Solution 
S=R-rR 

165 = R-0.40R 
165=0.60R 

165 _ 0.60R 

0.60 0.60 
275=R. 

The regular price is $275. 
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Applying Concepts 4.4 


37. 


39. 


Strategy 

First find the cost. 

Given: r = 40% = 0.40, S = $63 

Unknown: C 

Use the equation S=C+rc. 

Then find the markup. 

Given: r = 40% = 0.40 

C is known after the first equation is solved. 
Unknown: M 

Use the equation M=r-C. 


Solution 
S=C+rc 
63 =C+0.40C 
63 =1.40C i 
63 _ 1.40C 
1.40 1.40 
C96 
The cost is $45. 
M=r-C 
M =0.40(45) 
M=18 
The markup is $18. 


Strategy 

First find the cost. 

Given: S = $770, M = $220 

Unknown: C 

Use the equation S=C+M. 

Then find the markup rate: 

Given: M = $220 

C is known after the first equation is solved. 
Unknown: r 

Use the equation M=r-C. 


Solution 
S=C+M 
770 =C+220 
770 — 220 = C+220-220 
550/= C. 
The cost is $550. 
M=r-C 
220 = r(550) 
220 _ 550r 
550 550 
0.4=r 
The markup rate is 40%. 


41. 


43. 


45. 


Strategy 

Given: r = 30% = 0.30, S = $299 
Unknown: C 

Use the equation S = C + rC. 


Solution 
S=C+rC 
299 = C+ 0.30C 
299 =1.30C 
299 130 


230=C 
The cost is $230. 


Strategy 

To find the regular price of a tire, write and solve 
an equation using x to represent the regular price 
of a tire. The fourth tire has a price of 80% of x or 
0.80x. 


Solution 


The sum of the prices of | . 
“ 


x+x+x+0.80x = 304 
3.80x = 304 
3.80x _ 304 
3.80 3.80 
x=80 
The regular price of a tire is $80. 


S = (1 —0.20)5500 = 4400 

The sale price after a 20% discount is $4400. 

S =(1 —0.10)4400 = 3960 

Another 10% discount would give a sale price of 
$3960. 

S = (1 —0.30)5500 = 3850 

A single discount of 30% would give a sale price 
of $3850. 

Thus a 30% discount is not equivalent to 
successive discounts of 20% and 10%. 


5500 


The total discount of the successive discounts is 
5500 — 3960 = 1540. The single-discount 
equivalent is 28%. 





Section 4.5 
Concept Review 4.5 
1. Always true 
3. Always true 


5. Never true 
The correct equation is 0.05x = 0.08(9000 — x). 


Objective 1 Exercises 


1. Strategy 
Amount invested at 7%: x 
Amount invested at 6.5%: 15,000 - x 


Principal Rate Interest 


- Amount at 7% x 0.07 0.07x 
Amount at 6.5% 15,000 — x 0.065 0.065(15,000 — x) 


The total annual earned is $1020. 

















Solution 
0.07x + 0.065(15,000 — x) = 1020 
0.07x + 975 — 0.065x = 1020 
0.005x + 975 = 1020 
0.005x = 45 


x = 9000 
15,000 — x = 15,000 — 9000 = 6000 
The amount invested at 7% is $9000. 
The amount invested at 6.5% is $6000. 


3. Amount invested in first deposit (mutual fund), at 13%: x 
Amount invested in second deposit, at 7%: x + 2500 


Principal Rate Interest 
Amount at 13% | x Obs 


Amount at 7% x + 2500 0.07(x + 2500) 
The total annual interest earned by the two investments equals $475. 





Solution 
0.13x + 0.07(x + 2500) = 475 
0.13x + 0.07x +175 = 475 
0.20x +175 = 475 
0.20x = 300 
x =1500 
The amount invested in the mutual fund is $1500. 
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5. Strategy 
Amount invested at 10%: x 
Amount invested at 8.5%: 300,000 — x 


Principal Rate Interest 
Amount at 10% | - x 0.10 0.10x 





Amount at 8.5% 300,000 — x 0.085 0.085(300,000 — x) 
The total annual interest earned by the two investments equals $28,500. 


Solution — nike 
0.10x + 0.085(300, 000 — x) = 28,500 

0.10x + 25,500 — 0.085x = 28,500 

0.015x + 25,500 = 28, 500 
0.015x = 3000 
x = 200,000 

200,000 — x = 300,000 — 200,000 = 100,000 
The amount invested at 10% is $200,000. 
The amount invested at 8.5% is $100,000. 


7. Strategy 
Amount invested at 7.5%: $5000 
Amount invested at 8%: x 


Principal Rate Interest 


Amount at 7.5% 0.075(5000) 


Amount at 8% 0.08x 
The total annual interest earned by the two investments equals $615. 





Solution 
0.075(5000) + 0.08x = 615 
375 + 0.08x = 615 
0.08x = 240 
x = 3000 
An additional $3000 must be invested in bonds. 


9. Strategy 
Amount invested at 11%: x 
Amount invested at 7%: $2500 


Principal Rate Interest 










Amount at 11% 
Amount at 7% 0.07(2500) 


Amount at 9% 0.09(2500 + x) 
The sum of the interest earned by the two investments equals the interest earned on the total investment. 


0.11x 






Solution 
0.07(2500) + 0.11x = 0.09(2500 + x) 
175 +0.11x = 225 +0.09x 
175 +0.02x = 225 
0.02x = 50 


x = 2500 ; 
An additional $2500 must be invested at 11%. 


‘11. 


13. 


15. 












Amount invested at 8%: x 
Amount invested at 12%: 54,000 — x 

Principal . Rate _ Interest 
0.08x 
0.12(54,000 — x) 
0.09(54,000) 


Amount at 8% 
Amount at 12% 


Amount at 9% 











Section 4.5 


The sum of the interest earned by the two investments equals the interest earned on the total investment. 


Solution 
0.08x + 0.12(54, 000 — x) = 0.09(54,000) 

0.08x + 6480 —0.12x = 4860 

—0.04x + 6480 = 4860 
—0.04x = -1620 
x = 40,500 

54,000 — x = 54,000 — 40,500 = 13,500 
The amount invested at 8% is $40,500. 
The amount invested at 12% is $13,500. 


Strategy 

Total amount invested: x 

Amount invested at 8.25%: 55%x = 0.55x 
Amount invested at 10%: 45%x = 0.45x 


Principal Rate Interest 


Amount at 8.25% 0.55x 0.0825 0.0825(0.55x) 


Amount at 10% 0.45x 0.10 0.10(0.45x) 
The total annual interest earned by the two investments equals $58,743.75. 





Solution 
0.0825(0.55x) + 0.10(0.45x) = 58,743.75 
0.045375x + 0.045x = 58,743.75 
0.090375x = 58,743.75 
x = 650,000 
The total amount invested is $650,000. 


Strategy 

Total amount invested: x 

Amount invested at 6%: 30%x = 0.30x 
Amount invested at 8%: 25%x =0.25x © 
Amount invested at 7.5%: 45% x = 0.45x 


Principal Rate Interest 







0.06(0.30x) 
0.08(0.25x) 


Amount at 7.5% 0.075(0.45x) 
The total annual interest earned by the three investments equals $35,875. 


Amount at 6% 
Amount at 8% 












Solution 
0.06(0.30x) + 0.08(0.25x) + 0.075(0.45x) = 35,87 
0.018x + 0.02x + 0.03375x = 35,875 
0.07175x = 35,875 
x = 500,000 
The total amount invested is $500,000. 
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Applying Concepts 4.5 


17. Strategy 
‘Amount sales representative invests at 9%: x 
Amount research consultant invests at 8%: x + 5000 


Principal Rate Interest 


Amount invested 
by sales 
representative 


Amount invested 
by research l . 0.08(x + 5000) 


_ consultant 
The research consultant’s income is equal to the sales representative’ s. 





Solution 
0.09x = 0.08(x + 5000) 
0.09x = 0.08x + 400 
0.01x = 400 
x = 40,000 
x + 5000 = 40,000 + 5000 = 45,000 
The research consultant invests $45,000. 


19. Strategy 
Amount invested in 9.5% bonds: x 
Amount invested in 8% stocks: x + 3000 


Principal Rate Interest 






Amount invested : 
in bonds 0.095x 





Amount invested 
in stocks 


0.08(x + 3000) 


Each investment yielded the same income. 


- Solution 
0.095x = 0.08(x + 3000) 
0.095x = 0.08x + 240 
0.015x = 240 
x =16,000 
0.095x = 0.095(16,000) = 1520 Q 
0.08(« + 3000) = 0.08(16,000 + 3000) = 0.08(19,000) = 1520 
The income from each is $1520. 
2(1520) = 3040 
The total annual interest received on both investments is $3040. 


21. 


Strategy 
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The value of the investment after one year is equal to the principal plus 8.5% of the principal — 
(P + 0.085P = 1.085P). The value of the investment after two years is equal to the value of the investment after one 
year (1.085P) plus 8.5% of the value of the investment after one year 


[1.085P + 0.085(1.085P) = 1.085P + 0.092225P 
=1.177225P}. 


The value of the investment after three years is equal to the value of the investment after two 
8.5% of the value of the investment after two years 


{1.177225P + 0.085(1.177225P)]. 


Solution 

1.177225P + 0.085(1.177225P) 
= 1.177225P + 0.1000641P 

= 1.2772891P 

= 1.2772891(3000) 

= 3831.867 


The value of the investment in 3 years is $3831.87. 


years (1.177225P) plus 


23. a. According to the table, a couple earning $75,000 should save $170,000 for retirement by age 55. 


Section 4.6 


Concept Review 4.6 


1. 
3. 
5 


1 


Always true 
Always true 


Never true 
The resulting solution will be between 9% and 4% 
acid. 


Always true 


Objective 1 Exercises 


3. 


Strategy 
Amount of dog food: x 
Amount of supplement: 5 — x 


Amount Cost . Value 


Dog food 6.75x 
3.25(5 — x) 


Supplement 


Mixture 4.65(5) 


The sum of the values before mixing equals the 
value after mixing. 





Solution 
6.75x +3.25(5 — x) = 4.65(5) 
6.75x +16.25 —3.25x = 23.25 
3.50x=7 
3.50x 7 


3.50 3.50 
x= 2 





S-x=3 
To make the mixture, 2 lb of dog food and 3 Ib of 
vitamin supplement are needed. 





5. Strategy 
Cost of mixture: x 


Amount Cost Value 










$9.20 type 9.20(8) 
$5.50 type 5.50(12) 


Mixture x x(20) 


The sum of the values before mixing equals the 
value after mixing. 








Solution 
9.20(8) + 5.50(12) = 20x 
73.60 + 66.00 = 20x 
139.60 = 20x 
6.98 =x 
The cost of the mixture is $6.98 per pound. 


7. Strategy 
Amount of $4.30 alloy: x 
Amount of $1.80 alloy: 200 - x 


Amount Cost Value 
$4.30 alloy 4.30x 
$1.80 alloy 


1.80(200 — x) 


Mixture 2.50(200) . 


The sum of the values before mixing equals the 
value after mixing. 


Solution 
4.30x + 1.80(200 — x) = 2.50(200) 

4.30x + 360.00 -1.80x = 500.00 

2.50x + 360 = 500 

2.50x =140 
x=56 

200 — x = 200 — 56 = 144 
The amount of the $4.30 alloy is 56 oz. 
The amount of the $1.80 alloy is 144 oz. 
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9. Strategy 
Amount of blueberries: x 


Amount Cost Value 
Blueberries Za 
Cherries 3.50(2) 


Mixture 3.25(x + 2) 





The sum of the values before mixing equals the 
value after mixing. 


Solution 
2.75x +3.50(2) = 3.25(x +2) 
2.75x +7 = 3.25x +6.50 
0.50 = 0.50x 
0.50 _ 0.50x 
0.50 0.50 





Ey 
1 lb of blueberries is needed. 


11. Strategy 
Amount of hard candy at $7.50 per kilogram: x 


Amount Cost Value 
Hard candy : 7.50x 
Jelly beans é 3.25(24) 





Mixture 4.50(x + 24) 


The sum of the values before mixing equals the 
value after mixing. 


Solution 
7.50x + 3.25(24) = 4.50(x + 24) 
7.50x + 78 = 4.50x +108 
3x +78 =108 
3x =30 
x=10 
The amount of hard candy needed is 10 kg. 


13. Strategy 
Amount of caramel: x 


Amount Cost Value 
Caramel 2.40x 


Popcorn 0.80(5) 


Mixture 1.40(x + 5) 


The sum of the values before mixing equals the 
value after mixing. 





Solution 
2.40x + 0.80(5) =1.40(x + 5) 
2.40x+4=1.40x+7 


Go : 
3 lb of caramel is needed. 


15. Strategy 
Amount of meal: x 


Amount Cost Value 


Meal 0.80x 
Grain : 1.20(500) 


Mixture 1.05(x +'500) 





The sum of the values before mixing equals the 
value after mixing. 


Solution 
0.80x + 1.20(500) =1.05(x + 500) 
0.80x + 600 = 1.05x +525 
i9=025% 5 
75 es 0.25x 
025° 0:25 
300=x 
300 Ib of meal are needed. 


17. Strategy 
Amount of almonds: x 
Amount of walnuts: 100 — x 


Amount Cost Value 
Almonds 4.50(x) 
Walnuts 2.50(100 — x) 





Mixture i 3.24(100) 


The sum of the values before mixing equals the 
value after mixing. 


Solution 
4.50x + 2.50(100 — x) = 3.24(100) 
4.50x + 250 —2.50x = 324 
2.00x + 250 = 324 
2.00x = 74 


= 37 
100 —- x = 100 - 37 = 63 
The amount of almonds is 37 lb. 
The amount of walnuts is 63 Ib. 


19. Strategy 
Cost per pound of the sugar-coated cereal: x 


Amount Cost _—s-~ Value 





Sugar 1.00(40) 
Corn flakes 0.60(120) 
Mixture 160x 


The sum of the values before mixing equals the 
value after mixing. 















Solution 
1.00(40) + 0.60(120) = 160x 
40 +72 =160x 
112 =160x 


0.70 =x 
a6 cost per pound of the sugar-coated cereal is 
.70. 


21. Strategy 
Cost per ounce of sunscreen: x 


Amount Cost Value 
$2.50 lotion 2.50(100) 


$4.00 lotion .00: | 4.00(50) 


Sunscreen 150x 





The sum of the values before mixing equals the 
value after mixing. 


Solution 
2.50(100) + 4.00(50) = 150x 
250 + 200 = 150x 

450 =150x 

450 = 150x 

150 150 

3=x 

The sunscreen costs $3 per ounce. 


Objective 2 Exercises 


25. Strategy 
The percent concentration of gold in the combined 
alloy: x 
; Amount Percent Quantity 
30% gold alloy ! 0.30(40) 
20% gold alloy ; 0.20(60) 






Combined alloy 100x 


The sum of the quantities before mixing is equal 
to the quantity after mixing. 


Solution 
0.30(40) + 0.20(60) = 100x 
12+12=100x 
24 =100x 
24 _100x 
100 100 
0.24 =x 
The combined gold alloy is 24% gold. 
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27. Strategy 
Amount of 15% solution: x 


Amount Percent Quantity 





15% solution 0.15x 
20% solution 0.20(5) 
16% solution 0.16(x + 5) 
The sum of the quantities before mixing is equal 
to the quantity after mixing. 

Solution 


0.15x + 0.20(5) = 0.16(x +5) 
— 0.15x+1=0.16x +08 
0.2=0.01x 
0.2 _ 0.01x 


0.01 0.01 
20=x 
20 gal of the 15% acid solution must be used. 





29. Strategy 
Number of pounds of 25% wool yam: x 


Amount Percent Quantity 
25% wool 0.25x 
50% wool 0.50(20) 


35% wool 0.35(x + 20) 


The sum of the quantities before mixing is equal 
to the quantity after mixing. 





Solution 
0.25x + 0.50(20) = 0.35(x + 20) 
0.25x +10 =0.35x +7 
3=0.10x 
_3_ _ 0.10x 
0.10 0.10 
30=x 

30 Ib of yarn that is 25% wool must be used. 





31. Strategy 
Number of gallons of 9% solution: x 


Amount Percent Quantity 


9% solution 0.09x 


25% solution 0.25(10 — x) 


15% solution 0.15(10) 


The sum of the quantities before mixing is equal 
to the quantity after mixing. 





Solution 
0.09x + 0.25(10 — x) = 0.1510) 
0.09x +2.5—0.25x = 1.5 
-0.16x =-1 
-0.16x_ -l 
-0.16 -0.16 
x = 6.25 
6.25 gal of plant food that is 9% nitrogen must be 
used. 
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33. Strategy 
The percent concentration of sugar in the mix: x 


Amount Percent Quantity 
(1.00)5 
0.10(40) 


50x 


The sum of the quantities before mixing is equal 
to the quantity after mixing. 





Solution 
1.00(5) + 0.10(45) = 50x 
5+4.5=50x 
9.5 = 50x 
0.19 =x 


The percent concentration of sugar in the mix is 
19%. 


35. Strategy 
Amount of 60% lavender: x 


Amount Percent Quantity 
60% lavender | 0.60x 
80% lavender 0.80(70) 





74% lavender 0.74(x + 70) 


The sum of the quantities before mixing is equal 
to the quantity after mixing. 


Solution 
0.60x + 0.80(70) = 0.74(x + 70) 
0.60x + 56 = 0.74x+51.8 
4.2=0.14x 
4.2 _0.14x 
0.14 0.14 
30=x 
30 oz of 60% lavender are needed. 





Chapter 4: Solving Equations and Inequalities: Applications 


37. Strategy , 
Amount of 7% hydrogen peroxide: x 
Amount of 4% hydrogen peroxide: 300 — x 


Amount Percent Quantity 


71% 
hydrogen ! 0.07x 
peroxide 


4% 
hydrogen } 0.04(300 — x) 
peroxide 


5% 
hydrogen ! 0.05(300) 
peroxide 





The sum of the quantities before mixing is equal 
to the quantity after mixing. 


Solution 
0.07x + 0.04(300 — x) = 0.05(300) 
0.07x +12 —0.04x =15 
0.03x +12 =15 
0.03x =3 
x=100 
300 — x = 300 -— 100 = 200 
100 ml of 7% hydrogen peroxide and 200 ml of 
4% hydrogen peroxide are needed. 


39. Strategy | 
Amount of pure chocolate: x 


Amount Percent Quantity 
Pure chocolate 0 1 x 


50% chocolate 150 0.50 0.50(150) 


75% chocolate | x+150 0.75 . | 0.75(x + 150) 





The sum of the quantities before mixing is equal 
to the quantity after mixing. 


Solution 
x +0.50(150) = 0.75(x + 150) 
x+75 =0.75x +112.50 
0.25x =37.5 
0.25x _ 375 
0.25 0.25 


x =150 
150 oz of pure chocolate are needed. 


41. Strategy 
The percent concentration of conditioner in the 
mixture: x 


Amount Percent Quantity 


0 
0.20(12) 
20x 










Pure shampoo 
20% conditioner 





8 0 
12 0.20 
20 x 


The sum of the quantities before mixing is equal 
to the quantity after mixing. 





Mixture 


Solution 
0+0.20(12) = 20x 

2.4 = 20x 

2.4 _ 20x 

20 20 

0.12=x 

The percent concentration of conditioner in the 
mixture is 12%. 


43. Strategy 
Amount of dried apricots: x 


Amount Percent Quantity 


Dried apricots : 1.00(x) 
Snack 0.20(18) 


Mixture 0.25(x + 18) 


The sum of the quantities before mixing is equal 
to the quantity after mixing. 





Solution 
1.00(x) + 0.20(18) = 0.25(x +18) 
x+3.6 =0.25x+4.5 
0.75x +3.6 = 4.5 
0.75x = 0.9 


eex=l2 
1.2 oz of dried apricots must be added. 
Applying Concepts 4.6 


45. Strategy 
Cost per ounce of mixture: x 


Amount Cost Value 








$4.50 alloy 4.50(30) 
$3.50 alloy 3,50(40) 
$3.00 alloy ; 3.00(30) 


Mixture 100x 


The sum of the values before mixing equals the 
_ value after mixing. 


Solution 
4.50(30) + 3.50(40) + 3.00(30) = 100x 
135+140+90 =100x 
365 = 100x 
3.65=x 
The mixture costs $3.65 per ounce. 
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47. Strategy 
Ounces of water: x 


Amount Percent Quantity 


12% salt solution 50 0.12 0.12(50) 


~ Water x 0 Ox 


15% salt solution | SO-—x 0.15 | 0.15(50—- x) 


The quantity of 12% salt solution less the 
evaporated water is equal to the quantity of 15% 
salt solution. 





Solution 
0.12(50) — 0x = 0.15(50 —- x) 
6=7.5-0.15x 
-1.5=-0.15x 
10=x 
10 oz of water must be evaporated. 


49. Strategy 
Amount of pure water: x 


Amount Persent Quantity 
Water : Ox 
Acid 1 1.00(50) 





40% solution ! 0.40(50 +x) 


The sum of the quantities before mixing is equal 
to the quantity after mixing. 


Solution 
Ox + 1.00(50) = 0.40(50 + x) 
60 = 20+ 0.40x 
30 = 0.40x 
1S=x ; 
75 g of pure water must be added. 


51. Strategy 
Number of adult tickets: x 
Number of children’s tickets: 120 —x 


Amount Cost Value 
Adult x 5.50 3.50x 


Child 120-x | 2.75 | 2.75(120-—x) 
The total cost of the tickets sold was $563.75. 





Solution 
5.50x + 2.75(120 — x) = 563.75 
5.50x + 330 —2.75x = 563.75 
2.75x + 330 = 563.75 
PITS SEE) 


x=85 
120 —- x= 120-85 =35 
85 adults and 35 children attended the 
performance. 
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Section 4.7 


Concept Review 4.7 


1. 


3. 


5. 


Never true 
In the uniform motion equation d = rt, r is the rate 
of travel. 


Never true 
5 — tis used to represent the time spent on the 
return trip. 


Always true 


Objective 1 Exercises 


1. 


Strategy 
Rate of the second plane: r 
Rate of the first plane: r — 25 


Rate Time Distance 
First plane r-—25 Z 2(r — 25) 





Second plane i Zs 2r 


The total distance traveled by the two planes is 
470 mi. 


Solution 
2(r—25)+2r = 470 
2r-50+2r = 470 
4r—50 = 470 
4r = 520 
r=130 
r—25 =130-25=105 
The first plane is traveling at a rate of 105 mph. 
The second plane is traveling at a rate of 130 mph. 


Strategy 
Time each plane flies: x 


Rate Time Distance 


Northbound 
plane 


Southbound 
plane 


The sum of the distances is 3000 km. 





Solution 
480x + 520x = 3000 
1000x = 3000 
1000x _ 3000 
1000 1000 


x=3 
The planes will be 3000 km apart after 3 h, or at 
11 AM. 


5. Strategy 
Time for the tour boat: t 
Time for the motorboat: t + 2 


Rate Time Distance 


Motorboat t+2 O(t + 2) 





Tour boat t 18t 
The boats travel the same distance. 


Solution 
O(t +2) =18¢ 
9t+18 =18t 
18=9t 


2=t 
In 2 h the tour boat will be alongside the 
motorboat. 


7. Strategy 


Time spent driving: x 
Time spent flying: 3 — x 


Rate Time Distance 


Driving 30 x 30x 
Flying 60 3-x | 603-x 





The entire distance was 150 mi. 


Solution 
30x + 60(3 — x) = 150 
30x +180-—60x =150 





—30x = -30 
30x _ -30 
-30 -30 


x=1 
60(3 — x) = 60(3 — 1) = 60(2) = 120 
The airport is 120 mi from the corporate offices. 


9. Strategy 
Original speed of boat: x 


Rate Time Distance 
First 3 h 52 


Second 3 h x-5 
The total distance traveled was 57 mi. 





Solution 
3x +3(x-5)=57 
3x+3x-15=57 
6x -15=57 
6x =72 
6x _72 
6 6 
x=12 
3x = 36 
In the first 3 h the boat traveled 36 mi. 


11. 


13. 


15. 





_ Strategy 


Rate of the passenger train: x 
Rate of the freight train: x — 20 


Rate Time Distance 


Passenger train iG 3 3K, 
Freight train x-20 5 5(x- 20) 


The distance traveled is the same. 


Solution 
3x = 5(x—20) 
3x =5x-100 
—2x =—-100 
2x = =100 
—2 —2 
x=50 
x—20=30 
The passenger train is traveling 50 mph and the 
freight train is traveling 30 mph. 


Strategy 
Time for the second ship to catch up: x 


Distance 


25x + 10 
35x 


~ Rate Time 


First ship 25 x 
Second ship 35 x 
The distances are the same. 


Solution 
25x +10 = 35x 

10 =10x 

10 _ 10x 

10 10 

1=x 

It takes the second ship 1 h to catch up to the first 
ship. 
Strategy 
Time for trains to pass each other: x 


Distance 


Rate Time 







Train leaving 
Washington, 
D.C. 


Train leaving 
Charleston 


The sum of the distances is 500 mi. 





Solution 
60(x +1) +50x = 500 
60x + 60+ 50x = 500 

110x = 440 

10x _ 440 

110 110 
x=4 

The trains will pass each other 4 h after the train 
leaves Charleston. 
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17. Strategy 
Average speed on winding road: x 
Average speed on straight road: x + 20 


Rate: Time Distance 
Winding road x 3 on 
Straight road | x+20 D 2(x + 20) 


The total distance traveled was 210 mi. 





Solution 
3x +2(x+20) = 210 
3x+2x+40=210 
5x =170 
5x _170 
5 5 
x=34 
The average speed on the winding road is 34 mph. 


19, Strategy 

Time for the car to overtake the cyclist: x 
Distance 
12(x + 3) 


Car 48 Xx 48x 
The distances are the same. 


Rate Time 


Cyclist 12 x+3 





Solution 
12(x +3) = 48x 
12x +36 = 48x 

36 = 36x 

36 _ 36x 

36 = 336 

l=x 

It takes 1 h for the car to overtake the cyclist. The 
rate of the car is 48 mph, so after 1 h the car has 
gone 1 - 48 = 48 mi. 


Applying Concepts 4.7 
21. Strategy 


Speed of cyclist: r 
Speed of the car: 37 + 5 


Distance 


Cyclist r LS dE57; 
Car 3r+5 1.5 | 1.53r+5) 


In 1.5 h, the car is 46.5 mi ahead of the cyclist. 


Rate Time 






Solution 
1.5r+5)—-1.5r = 46.5 
4.5r+7.5-1.5r = 46.5 
3r+7.5 = 46.5 
3r=39 


r=13 
The cyclist is traveling at 13 mph. 
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23. Strategy 
Speed of the bus: r 
Speed of the car: 2r — 30 


Rate Time Distance 















Bus r 2. 2r 
Car 2r—30 2 2(2r — 30) 
In two hours the car is 30 mi ahead of the bus. 


Solution 
2(2r —30)-—2r =30 
4r-60-—2r =30 
2r-—60 = 30 
2r=90 


ler = 45, 
2r— 30 = 2(45) — 30 = 90 - 30 = 60 
The car is traveling at 60 mph. 


25. Strategy 
Time spent jogging: t 


Rate Time Distance 





Ist jogger 4 
2nd jogger 6 


The total distance is 8 mi. 


Solution 
4t+6t=8 
10 =8 


=2(4 of 1h=48 min 
5 \5 


The joggers will meet 48 min after 7 A.M., or at 
7:48 AM. 


27. Strategy 
Time for return trip: t 


Rate Time Distance 
At 10 mph 10 10(2) 





At 20 mph 20 20 
The distance covered is the same in both cases. 


Solution 
10(2) = 20t 

20 = 20t 

1=t¢ 

The time for the return trip is 1 h. 
The time for the whole trip is 3 h. 
10(2) + 20t = 40 
The distance covered is 40 mi. 


Average speed = om opal = 34 
time 3 3 


The cyclist’s average speed is 135 mph. 
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Section 4.8 
Concept Review 4.8 


1. Never true 
“Is greater than” and “is more than” are indicated 
by the symbol >. 


3. Always true 


5. Never true 
The expression 7(15) + 0.20m represents the cost 
to rent the car for one week. 


Section4.8 — 85 


Objective 1 Exercises 


1. Strategy 
The unknown number: x 


Three-fifths of the number: =x 


Solution 


Pp ertors es greater than 


The smallest integer that satisfies the inequality is 2. 


3. Strategy 
To find the amount of income tax that must be paid, write and solve an inequality using T to represent the amount of 
income tax. ; 


Solution 


The amount of income | . 90% of the annual 
tax that must be paid | #8 8eater than or equal to | ome tax liability 


T 2 0.90(3500) 
T 23150 
The person must pay $3150 or more in income tax. 


5. Strategy 
To find the number of pounds of cans, write and solve an inequality using N to represent the number of pounds. 


Solution 


a ee is greater than | 1850 Ib 


505 + 493+ 412+ N >1850 
1410+ N >1850 
1410—-1410+ N >1850-1410 
N > 440 
The organization must collect more than 440 pounds of cans. 


7. Strategy 
To find the scores, write and solve an inequality using N to represent the score on the last test. 


Solution 


The average 
of the five is greater than or equal to 


scores 
75+83+86+78+N - 





80 


= N > 80 


(22) > 5(80) 


322 + N 2 400 
322 -322 + N 2 400 - 322 
N278 
The student must earn a grade of 78 or better on the last test. 





9. 


11. 


13. 
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Strategy 

To find the dollar amounts, write and solve an 
inequality using N to represent the amount of 
sales. 


Solution 
35% of the sales is greater than 
0.35N > 2000 
0.35N < 2000 
0.35 ©: 0.35 
N >5714.2857 

The commission offer is more attractive if the 
sales are more than $5714. 
Strategy 


To find the dollar amount, write and solve an 
inequality using S to represent the amount of 
sales. 


Solution 


$3200 | is greater than or equal to 





3200 = 1000+ 0.115 
3200 — 1000 = 1000 —- 1000 + 0.115 

2200 = 0.115 

2200 = 0.115 

0.11 0.11 

20,000 = 5 

The agent expects to make sales totaling $20,000 
or less. 


Strategy 

To find the number of minutes, write and solve an 
inequality using N to represent the number of 
minutes. 


Solution 
$4 plus $.10 per 3 
4+0.10N >10 
4-4+0.10N >10-4 

0.10N >6 

0.10N : 6 
0.10 0.10 

N>60 


A person must use the service for more than 
60 min. 


15. 


80% of the 
sum of the 
number of 


ounces of 
artificial 
flavors and 
32 oz 





17. 


Strategy 

To find the number of ounces of artificial flavors 
that can be added, write and solve an inequality 
using N to represent the number of ounces. 





Solution 
the amount 
of real 
‘is less than or equal to orange 
juice in the 
drink 
0.80(N + 32) $32 
0.80N + 25.6 $32 
0.80N + 25.6 — 25.6 < 32—25.6 
0.80N < 6.4 
0.80N — 6.4 
0.80 ~ 0.80 
NS8 


If the drink is to be labeled orange juice, 8 or 
fewer ounces of artificial flavors can be added. 


Strategy 
To find the number of miles, write and solve an 
inequality using N to represent the number of 
miles to the ski area. Then 2N is the number of 
miles in the round trip. 


Solution 


$8 per person each seieseatan $45 plus $.25 per 
way mile 


8(4)(2) < 45 +0.25(2N) 
64<45+0.5N 
64-45 <45—-45+0.5N 

19 <0.5N 
19  0.5N 
— < 

05 0.5 


38<N 
The ski area is more than 38 mi away. 


19. Strategy 


To find the maximum number of miles, write and 
solve an inequality using N to represent the 
number of miles. 


Solution 


$15 plus 14¢ : $25 plus 8¢ per 


15+0.14N <25+0.08N 
15+0.14N -—0.08N <25+0.08N —0.08N 
15+0.06N < 25 
15-15+0.06N < 25-15 
0.06N <10 
0.06N 10_ 


ea 
0.06 0.06 


N <166.6 
The maximum number of miles is 166. 


Applying Concepts 4.8 


21. Strategy 
The first odd integer: x 
The second consecutive odd integer: x +2 
The third consecutive odd integer: x + 4 


Solution 






Three times the 
sum of the first 
two s 





ie leks than four times the 


third integer 





3(x+x+2)<4(x+4) 
3(2x +2) < 4(x+ 4) 
6x+6<4x+16 
2x+6<16 
2x <10 


x<5 
The odd positive integers that will satisfy the 
. inequality are 1 and 3. 


c= c= 3 
x+2=14+2=3 x+2=34+2=5 
x+4=14+4=5 x+4=34+4=7 


The integers are 1, 3, and 5 or 3, 5, and 7. 


23. Strategy 
To find the number of aircraft, write and solve an 
inequality using N to represent the number of 
aircraft. 


Solution 
6(60) = 360 min 
There are 360 min in 6 h. 


360 360 
—<N<— 
45. 30 
8<N<12 
The crew can prepare between 8 and 12 aircraft in 


a 6-h period of time. 


25. Strategy 
To find the minimum number of calendars, write 
and solve an inequality using x to represent the 
number of calendars. 


Solution 


$6 per calendar 


less $900 less is greater than or equal to | $1200 


$1.50 per calendar 


6x—900—-1.5x 21200 
4.5x—900 = 1200 

4.5x —900 + 900 2 1200 + 900 
4.5x 2 2100 
45x , 2100 


45. 45 


x2 466.6 
To make a profit of $1200, at least 467 calendars 


must be sold. 





Focus on Problem Solving 
1. Sometimes true 


2. Always true 
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- Never true 
. Always true 
. Always true 


3. 

4 

5 

6. Always true 
7. Never true 
8. Never true 
9. Sometimes true 
10. Sometimes true 
11. Never true 

12. Always true 
13. Never true 
14. Always true 
15. Always true 
16. Never true 

17. Never true 

18. Never true 


Projects and Group Activities 


Nielson Ratings 


1. 0.112(97,000,000) = 10,864,000 
10,864,000 households watched 
20/20-Wednesday. 
Number of households watching television that 
hour: x 
10,864,000 = 0.23x 
47,234, 783 = x 
47,234,783 households were watching television 
that hour. 5 


2. 0.096(97,000,000) = 9,312,000 
Number of households watching television that 
hour: x 

9,312,000 = 0.18x 

51,733,333 = x 
51,733,333 households were watching television 
that hour. 9,312,000 households were watching 
X-files. 


3. 0.123(97,000,000) = 11,931,000 
11,931,000 households watched Frasier that 
week. : 


17,100,000 ao 

11,931,000 
An average of 1.4 people per household watched 
the program. 


4. Cost for one 30-second commercial: 
11.5($25,000) = $287,500 
Cost for three 30-second commercials: 
3($287,500) = $862,500 


5. Answers will vary. 
6. Answers will vary. 
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Changes in Percent Concentration 


7. Strategy 
The percent concentration of the mixture: x 


Amount Percent Quantity 
10% solution 0.10(30) 
30% solution 0.30(10) 


- Mixture 40x 


The sum of the quantities before mixing is equal 
to the quantity after mixing. 





Solution 
0.10(30) + 0.30(10) = 40x 
3+3=40x 
6 = 40x 
6 40x 


0.15=x 
The percent concentration of the resulting solution 
is 15% hydrochloric acid. 


8. Strategy 
The percent concentration of the mixture: y 


Amount Percent Quantity 





10% solution 0.10(30) 
30% solution 0.30x 
Mixture — (x + 30) 
The sum of the quantities before mixing is equal 
to the quantity after mixing. 
Solution 


0.10(30) + 0.30x = y(x +30) 
3+0.30x = y(x +30) 
3+0.30x  y(x+30) 


x+30 x+30 
3+0.30x _ 


= 
x+30 
The percent concentration of the resulting solution 
is aS (100) |% hydrochloric acid. 
9 03 
0 50 
0 
When x=10, y=0.15 
x= 20, y=0.18 
x= 30, y=0.20 


The change in percent concentration from X = 10 
to X = 20 is not the same as the change in percent 
concentration from X = 20 to X = 30. 


Chapter 4: Solving Equations and Inequalities: Applications 


10. No, the percent concentration will never exceed 
30% because the mixture is made from solutions 
with percent concentrations less than or equal to 
30%. 


Chapter Review Exercises 


1. the unknown number: x 


ice a , 
Seven less than tw ‘callthe nenber 
number 


The number is 7. 


2. Strategy 
To find the length of the shorter piece, write and 
solve an equation using x to represent the shorter 
piece and 35 — x to represent the longer piece. 





Solution 
Three times the ; 
length of the shorter} is twice eo = 
: the longer piece 
piece : 
3x =2(35-x) 
3x =70-2x 
3x+2x=70-—2x+2x 
5x=70 
5x _ 70 
5 5 
x=14 


The length of the shorter piece is 14 in. 


3. the smaller number: n 
the larger number: 21 —n 


Three times the is | two less than twice 
smaller number the larger number 


3n =2(21-—n)-2 

3n =42-2n-2 

3n=40-2n 
3n+2n=40-2n+2n 

5n=40 

Sn _ 40 

Sie) 

n=8 


21-n=21-8=13 
The smaller number is 8. The larger number is 13. 


4. the unknown number: x 









four times the 
difference between a 
number and two 


The sum of twice 


a number and six | *§ 





2x+6=4(x—-2) 
2x+6=4x-8 
6=2x-8 
14=2% 
14 _2x 


QF aD 
ax 
The number is 7. 


5. Strategy 
Given: R = $60, S = $40 
Unknown discount rate: r 
Use the equation S = R — rR. 


Solution 
S=R-rR 
40 = 60-60r 
40-60 = 60-—60-60r 
—20 = -60r 
-20 _ -60r | 
=o -60 


—=fr 


3 
The discount rate is 332%. 





6. Strategy 
Amount invested at 6%: x 
Amount invested at 7%: $15,000 


Principal Rate 
Amount at 6% x 0.06 


Chapter Review Exercises 


Interest 


0.06x 





Amount at 7% 15,000 - x 0.07 
The sum of the interest earned by the two investments equals the total annual interest earned ($970). 


Solution 
0.06x + 0.07(15,000 — x) = 970 
0.06x +1050 —0.07x = 970 
—0.01x +1050 = 970 
-—0.01x = -80 


x = 8000 
15,000 — x = 15,000 — 8000 = 7000 
The amount invested at 6% is $8000. 
The amount invested at 7% is $7000. 


0.07(15,000 — x) 
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7. Strategy 10. Strategy 
Measure of one of the equal angles: x Given: C = $5.25, S = $9.45 
Measure of the third angle: x — 15 Unknown markup rate: r 
The sum of the measures of the angles of a Use the equation S = C + rC. 
triangle is 180°. 
Solution 
Solution S=C+rc 
x+x+x-15=180 9.45 =5.25+5.25r 
3x-15=180 4.20 =5.25r 
-3x=195 4.20 _ 5.25r 
eee San 5.08 
3 3 0.80=r 
x=65 The markup rate is 80%. 
x-15=S0 
The measures of the angles are 65°, 65° and 50°. 11. Strategy . i 
Percent of butterfat in the mixture: x 
8. Strategy 
Speed of the bicyclist: x Amount Percent Quantity 
Speed of the motorcyclist: 3x 
Cream 0.30(5) 
Rate Time Distance Milk 0.04(8) 
Bicyclist x 2(2) Mixture 13x 
Motorcyclist 3x 2(3x) The sum of the quantities before mixing is equal 
In 2h the motorcyclist is 60 mi ahead of the to the quantity after mixing. 
bicyclist. : 
: Solution 
Solution 0.30(5) + 0.04(8) = 13x 
2(3x) -2x = 60 1.5+0.32 =13x 
6x-—2x =60 1.82 =13x 
4x =60 0.14=x 
=115 The mixture is 14% butterfat. 
She 3(15) =45, 12. Strat 
The speed of the motorcyclist is 45 mph. Wii. 
Length: 4x 


9. Strategy 


Each equal angle: x . Use the equation for the perimeter of a rectangle. 


Third angle: a —25 Solution 
The sum of the angles of a triangle is 180°. 2L+2W =P 
2(4x) + 2(x) = 200 
Solution 8x + 2x = 200 
1 10x = 200 
x+x+—x-25=180 x =20 
Z 
1 | 4x = 4(20) = 80 
25x25 =180 The width is 20 ft and the length is 80 ft. 
2.5x = 205 
x=82 


54-25 = 5(82)-25 =16 
The angles measure 16°, 82°, and 82°. 


13. Strategy 
To find the minimum copies per year: 
Write an expression for the cost of ordering from 
each company using x to represent the number of 
copies. 
Write and solve an inequality. 








Solution 
Cost of ordering Cost of 
from Copy is less than | ordering from 
Center Prints 4U 
50 +0.03x < 27+0.05x 
50 + 0.03x —0.03x < 27 +0.05x —0.03x 
50 <27+0.02x 
—27+50 <—-27+27+0.02x 
23 < 0.02x 
23 z 0.02x 
0.02 0.02 
1150<x 


The minimum number of copies that could be 
ordered is 1151. 


14. Strategy 
Given: S = $26.56, r = 17% =0.17 
Unknown regular price: R 
Use the equation S = R-7R. 


Solution 
S=R-rR 
26.56 = R—0.17R 
26.56 = 0.83R 
26.56 _ 0.83R 


0.83 0.83 
32=R 
The regular price is $32. 


15. Strategy 
Amount of cranberry juice: x 
Amount of apple juice: 10 - x 


Amount Cost Value 










1.79x 
1.19(10 - x) 
Mixture 1.61(10) 


The sum of the values before mixing equals the 
value after mixing. 


Cranberry juice 






Apple juice 








Solution 
1.79x +1.19(10 — x) = 1.61(10) 

1.79x +11.90-1.19x =16.10 

0.60x +11.90 = 16.10 

~ 0.60x = 4.2 
x=7 

10-x=10-7=3 
7 qts of cranberry juice and 3 qts of apple juice 
are needed. 
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16. Strategy 
Given: S = $15.95, r = 30% = 0.30 
Unknown cost: C 
Use the equation S = C + rC. 


Solution 
S=C+rc 
15.95 =C+0.30C 
15.95 =1.30C 
15.95 _1.30C 
1.30 1.30 


12.27=C 
The cost of the book is $12.27. 


. 17. the smaller number: n 


the larger number: 36 —n 


the total of four 
and three times 






The difference 
between the larger | equals 
number and eight 


the smaller 
number 





(36-n)-8=4+3n 
36-—n-8=4+3n 
28-n=4+43n 
28—n—-3n=4+43n-3n 
28-4n=4 
28 —28-—4n =4-28 
—4n =—-24 
ae eee 
4 -4 
n=6 
36 -—n = 36-6 =30 
The smaller number is 6. 
The larger number is 30. 
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18. Strategy 
Amount invested at 12%: x 


Principal Rate 


Amount at 8.15% 14,000 


Amount at 12% ix 


Amount at 9.25% 14,000 + x 
The sum of the interest earned on the two accounts is equal to the interest earned at 9.25%. 





Solution 
0.0815(14, 000) + 0.12x = 0.0925(14,000 + x) 
1141+0.12x =1295 + 0.0925x 
1141+ 0.0275x = 1295 
0.0275x =154 
x = 5600 


Interest 
0.0815(14,000) 
0.12x 


0.0925(14,000 + x) 


$5600 must be deposited into an account paying 12% annual simple interest. 


19. Strategy 
Value of first card: x 
Value of second card: x + 1 
Assume that the values of an ace, jack, queen, and 
king are 1, 11, 12, and 13, respectively. 
The sum of the values is 15. 


Solution 
x+x+1=15 
2x+1=15 
2X =A 
2x _ 14 


2, 2 
=7 
x+1=8 
The two cards are the 7 and 8 of hearts. 


20. Strategy 
’ Amount of pure water: x 


Amount Percent Quantity 
Water x 0.00 0.00x 


Alcohol solution 15 0.80 0.80(15) 


Mixture x+15 0.75 | 0.75(x + 15) 


The sum of the quantities before mixing is equal 
to the quantity after mixing. 





Solution 
0.00x + 0.80(15) = 0.75(x +15) 
12 =0.75x +11.25 
0.75 =0:75% 
x 
1 liter of pure water must be added. 


21. Strategy 
To find the lowest score, write and solve an 
inequality using N to represent the score on the 
sixth exam. 


Solution 


aaa as is greater than or equal to 


68+82+90+73+95+N = 480 
408 + N = 480 
408 — 408 + N = 480-408 
N272 
The lowest score on the sixth exam must be 72 or 
greater. 


22. the unknown number: x 


the opposite of 8 one-half a number 
seven less ten 
1 
-7=—x-10 
Zz 


1 
x 


3=— 

=a 
2(3)= >*) 

6=x 


The number is 6. 


23. 


25. 


Strategy 
To find the height of the Eiffel Tower, write and 
solve an equation using h to represent the height. 


Solution 


1472 | is | 514 ft less than twice the height 
of the Eiffel Tower 


1472 =2h-514 

1472 +514 =2h-514+514 
1986 = 2h 
1986 _ 2h 


2 2 
993 =h 
The height is 993 ft. 


Strategy 

Measure of the first angle: x + 15° 
Measure of the second angle: x 
Measure of the third angle: x — 15° 
Use the equation A + B + C = 180°. 


Solution 
A+B+C=180 
(x +15)+x+(x-15) =180 
3x =180 


: x= 
x+15=60+ 15=75 


x-15=60-15=45 
The measures of the angles are 75°, 60°, and 45°. 
Strategy 


Number of one-dollar bills: x 
Number of five-dollar bills: 155 — x 


Bill | Number Value _ Total value 


$1 x 1 1x 
$5 155 -—x 5 5(155 — x) 





The sum of the values of each type of bill equals 
the total value of all the bills ($263). 


Solution 
1x +5(155 — x) = 263 
x+775—5x = 263 


—4x =-512 
-4x _ -512 
4 --4 
x =128 


There are 128 one-dollar bills. 
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26. Strategy 
To find the length of the longer piece, write and 
solve an equation using x to represent the length 
of the longer piece and 10 — x to represent the 
length of the shorter piece. 


Solution 


2 ft less than two 


Four times the 


length of the is 
shorter piece 


4(0-x)=2x-2 
40-4x=2x-2 
40 -—4x-2x =2x-2x-2 
40-6x =-2 
40-40-6x =-2-40 
—6x =-42 
oe 
-6 -6 


: x=7 
The length of the longer piece is 7 ft. 


times the longer 
piece 





27. Strategy 
~ — To find the number of hours, write and solve an 
equation using n to represent the number of hours. 


Solution 
$80 and $65 for each hour of 
600 = 80 + 65n 
600 —80 = 80 —-80+.65n 

520 = 65n 
520 _ 65n 
65 65 

8=n- 


The number of hours of consultation was 8. 


28. Strategy 
Number of 17¢ stamps: x 
Number of 12¢ stamps: 2x + 3 


Stamp Number Value Total value 


17¢ x 17 


12¢1|" 2x43 eu? 


The sum of the total values of the stamps is equal 
to the given total face value of the stamps 
($15.53 = 1553¢). 


12(2x + 3) 





Solution 
17x +12(2x +3) =1553 
17x+24x+36 = 1553 
41x =1517 
41x _ 1517 
Alea Al 


x=37 
2x +3 =2(37)+3=744+3=77 
There are 77 12¢ stamps and 37 17¢ stamps. 
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29. Strategy 33. Strategy 
Given: r = 60% = 0.60, S = $1074 To find the maximum width: 
Unknown cost: C Replace the variables in the area formula by the 
Use the equation § = C + rC. _ given values and solve for x. 
Replace the variable in the expression 2x — 4 with 
Solution the value found for x. 
S=C+rcC ; r 
1074=C+0.60C Solution 
1074 =1.60C 
oh) 100 15(2x—4) <180 
671.25=C 
The cost is $671.25. 30x — 60 < 180 
30x -60 +60 <180+60 
30. Strategy 30x < 240 
Amount of time: x : 30x i 240 
Rate Time Distance son e 








Slower swimmer | 55 ae Se 
The maximum width of the rectangle is 11 ft. 
Faster swimmer 65 
' 34. Strategy 
The total distance is 480 m. a = 138° because alternate interior angles have the 
é same measure. a + b = 180° because adjacent 
Solution angles of intersecting lines are supplementary 
55x + 65x = 480 angles. 
120x = 480 Substitute 138 for a and solve for b. 
x=4 
They will meet in 4 min. Solution 
31. Strate eee 
First co x 138+ : = ye 
aes e The measure of angle a is 138°, and the measure 
. + ° 
Use the equation for the perimeter of a triangle. ee 
Sclutign Chapter Test 
atb+c=P 1. the unknown number: n 
x+x4+44+2x-1=35 
4x+3=35 The sum of six five less than the 
4x =32 times a number is | product of three and 
ae and thirteen the number 
x+4=84+4=12 
2x-1=2(8)-1=15 6n+13=3n-5 
The lengths of the sides are 8 in., 12 in., and 15 in. 6n —3n+13 =3n—3n—-5 
3n+13=-5 
32. Strategy 3n+13-13=-5-13 
First integer: n S, ents 
Second integer: n + 2 
Third integer: n + 4 3n go 18 
The sum of the three integers is -45. 3 E 
n= 
Solution The number is -6. 
n+(n+2)+(n+4)=-45 2. the unknown number: n 
3n+6=-45 + 
3n=-51 The difference between three. : 
n+2=-17+2=-15 
n+4=-17+4=-13 3n-15=27 
The integers are -17, -15, and -13. 3n-15+15=27+15 
3n = 42 
an _ 42 
303 
n=14 


The number is 14. 


3. the larger number: n 
the smaller number: 18 — 7 


The difference 
between four 


: the sum of two times 
times the smaller | iS equal to the larger number 
number and 
seven 


and five 





4(18—n)-7=2n+5 
72-4n-7=2n+5 
65—4n =2n+5 
65—4n-2n =2n-2n+5 
65-—6n =5 
65-65 —-6n =5-65 
—6n = -60 
-6n _-60 


626 


n=10 
18-—n=18-10=8 
The larger number is 10. 
The smaller number is 8. 


4. Strategy 
To find the length of each piece, write and solve 
an equation using x to represent the length of the 
longer piece and 18 — x to represent the length of 
the shorter piece. 


Solution 


the difference 
between three times 


Two feet less 
than the product 


of five and the is equal to | the length of the 
length of the longer piece and 
shorter piece eight 
5(18-x)-2 =3x-8 
90 -5x-2=3x-8 





88-5x =3x-8 
' 88-5x-3x =3x-3x-8 
88-8x =-8 
88-88 -—8x =-8-88 
-8x =—-96 
~8x _ -96 
8 -8 
x=12 


18-x=18-12=6 
The pieces measure 6 ft and 12 ft. 
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5. Strategy 
Given: r = 50% = 0.50, S = $300 
Unknown: C 
Use the equation S = C + rC. 


Solution 
S=C+rc 
300 = C+0.50 
300 =1.50C 
200 =C 
The cost is $200. 


6. Strategy 


Given: R = $100, S = $80 
Unknown: r 
Use the equation S = R — rR. 


Solution 
S=R-rrR 
80 = 100-7(100) 
—20 =-100r 
0.2=r 
The discount rate is 20%. 
7. Strategy 


Amount of 15% acid solution: x 


Amount Percent Quantity 
15% acid solution 0.15x 
20% acid solution | _ 0.20(5) 


16% acid solution | 0.16(x + 5) 





The sum of the quantities before mixing is equal 
to the quantity after mixing. 


Solution 
0.15x + 0.20(5) = 0.16(x +5) 
0.15x+1=0.16x+0.8 
-0.1x+1=0.8 
—0.01x =-0.2 
x=20 
20 gal of the 15% acid solution should be used. 


8. Strategy 
Length: 3W- 1 
Width: W 
Use the equation for the perimeter of a rectangle. 


Solution 
2L+2W=P 
2(3W -1)+2W =38 
6W -2+2W =38 
8W -2=38 
8W =40 
‘Wes 
L=3wW-1=3(5)-1=15-1=14 
The length is 14 m, and the width is 5 m. 
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9. Strategy 
First odd integer: n 
Second odd integer: n + 2 
Third odd integer: n + 4 
Three times the first integer is one less than the 
sum of the second and third integers. 


Solution 
3n =(n+2)+(n+4)-1 
3n =2n+5 
n=5 
n+2=5+2=7 
n+4=5+4=9 
The three integers are 5, 7, and 9. 


10. Strategy 
To find the number of residents, write and solve 
an inequality using N to represent the number of 


residents.’ 
Solution — 
$15 plus $18 per ‘less than $3 plus $21 per 
bouquet bouquet 
15+18N <3+21N 
15+18N-—21N <3+21N-21N 
15-3N <3 
15-15-3N <3-15 
—3N <-12 
=3N © =12 
-—— > — 
S35 
N>4 


For florists B to be more economical, there must 
be 5 or more residents in the nursing home. 


11. Strategy 
Amount invested at 10%: x 
Amount invested at 15%: $7000 — x 


Principal Rate Interest 
x 0.10 0.10 
0.15(7000 — x) 


Amount at 10% 


Amount at 15% | 7000-x]| 0.15 
The total annual interest earned is $800. 





Solution 
0.10x + 0.15(7000 — x) = 800 
0.10x +1050 —0.15x = 800 
—0.05x +1050 = 800 
—0.05x = -250 


x = 5000 
7000 — x = 7000 — 5000 = 2000 
The amount invested at 10% is $5000. 
The amount invested at 15% is $2000. 


12. Strategy 


13. 


14. 





Amount of $7 grade: x 


Amount of $4 grade: 12 —x 


Amount Cost Value 
$7 grade ; 7.00x 
4.00(12 — x) 

6.00(12) 


The sum of the values before mixing equals the 
value after mixing. 


$4 grade 


Mixture 


Solution 
7.00x + 4.00(12 — x) = 6.00(12) 
7.00x + 48 —4.00x = 72 
3.00x + 48 = 72 
3.00x = 24 
x=8 
12-x=12-8=4 
To make the mixture, 8 lb of the $7 grade and 4 lb 
of the $4 grade should be used. 


Strategy 
Rate of first plane: r + 100 
Rate of second plane: r 


Rate Time Distance 
r+100 3 3(r + 100) 
2nd plane r 3a SF 












1st plane 


In two hours, the two planes are 1050 mi apart. 


Solution 
3(r +100) +3r = 1050 
3r +300 +3r =1050 
6r +300 = 1050 
6r = 750 
r=125 
r +100 = 125 + 100 = 225 
The rate of the first plane is 225 mph. 
The rate of the second plane is 125 mph. 


Strategy 

Measure of one angle: 15 + x 
Measure of second angle: x 
Measure of third angle: 3x 

Use the equation A + B + C = 180°. 


Solution 
A+B+C=180 
(15+x)+x+3x=180 
5x+15=180 
5x =165 


x=33 
15 +x=15+33=48 
3x = 3(33) = 99 
The measures of the angles are 33°, 48°, and 99°. 
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15. Strategy 
Number of nickels: x 
Number of quarters: 50 — x 


Coin Number Value ~ Total Value 
Nickel x 5 Sx 





Quarter | 50-x 25 25(50 — x) 
The sum of the total values of each type of coin equals the total value of all the coins (950 cents). 


Solution 
5x +25(50— x) =950 
5x +1250 -—25x =950 
—20x +1250 = 950 
-20x = -300 
x=15 
50-x=50-15=35 
The bank contains 15 nickels and 35 quarters. 


16. Strategy 
Amount invested at 6.75%: x 
Amount invested at 9.45%: $2400 — x 


Principal Rate Interest 





Amount at 6.75% x 0.0675 0.0675x 
Amount at 9.45% | 2400-x| 0.0945 0.0945(2400 — x) 


The interest earned on each account is the same. 


Solution 
0.0675x = 0.0945(2400 — x) 
0.0675x = 226.8 —0.0945x 

0.162x = 226.8 

x =1400 

2400 — x = 2400 — 1400 = 1000 
The amount deposited at 6.75% is $1400. 
The amount deposited at 9.45% is $1000. 


17. Strategy 18. Strategy 
To find the minimum length: Given: R = $99, r = 20% = 0.20 
Replace the variables in the area formula by the Unknown sale price: S 
given values and solve for x. Use the equation: S=R-—rR 
Replace the variable in the expression 3x + 5 with 
value found for x. : Solution 
S=R-rR 
Solution S = 99 — 0.20(99) 
LW>A S = 99 — 19.80 
S =79.20 
sek ae : ee The sale price is $79.20. 
36x + 60-60 > 276-60 
36x >216 
36x _ 216 
—_— > ae 
36 = 36 
x>6 
3x+5>23 


The minimum length of the rectangle is 24 ft. 
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Cumulative Review Exercises 


1. -12<-4 true 
-6<4 true 
—3<—-4 false 
-1<—4 false 
—12 and -6 are less than 4. 


2. -2+(-8)-(-16) =-2+(-8)+16 =-10+16 =6 
i (-2) (-2) --2(2)--1 
1 3 4)? 2 27\16 6 
2 
4, 2-(2) -(3-3)- 
Ga) \ 223 


3 
eos 
6moel 
goes 
63 
apalld 
6 6 
oi 
6 
5. -|-18]=-18 
6. b*-(a-b)" 

(-1)? -[4-(-)P =(-1)? -(4+1)? 
=(-1)? -5? 
=1-25 
=—-24 


7. S5x-3y—(-4x)+7y =5x-3y+4x+7Ty 
=9x+4y 


8. -4(3-2x-5x°)=-12+8x+20x° 

9, -2[x-3(x-1)-5]=—2(x-3x+3-5) 
= -2(-2x-2) 
=4x+4 


10. 3x? -(-5x7)+ 4x? =-3x? +5x? +4x? 
— 2x? + Ax? 
= 6x? 


11. 4-2x-x? =2-4x 





4-2(2)-(2)? | 2-4(2) 


4-4-4| 2-8 
| 44-6 
No, 2 is not a solution. 


12. 


13. 


14. 


15, 


boyai? 


—-9+9-x=-9+12 
-x=3 
-1(-x) = —-1(3) 
x=-3 
The solution is —3. 
5 
5( 4 5 
——| -—x|=-—(12 
Al =] 40) 
x=-15 
The solution is -15. 
8-S5x=-7 
8-8-5x=-7-8 
-5x=-15 
=5x _=I5 
-5 -5 
= 
-6x —4(3-—2x) =4x+8 


—6x-12+8x=4x+8 
-12+2x=4x+8 
—12+2x-4x=4x-4x+8 
-12-2x=8 
-12+12-2x=8+12 

—2x =20 
—2x _ 20 


—2 -2 
x=-10 


. The solution is —10. 


16. 


17. 


18. 


19. 


20. 


40% =a =) =e 
100) 5 


4x 216 
4x 16 
4 4 
x24 


-S -4-3-2-1 0 1 2 3 f 5 


-15x $45 
wI5x 45, 
-15 -15 
x2-3 
2x-3>x+15 
2x—-x-3>x-x+15 
x-3>15 
x-3+3>154+3 
x>18 


12-4(x-1) <5(x-4) 
12-4x+4<5x-20 
—4x+16<5x-20 
—4x-5x+16<5x-5x-20 

-9x+16<-20 
—9x+16-16<-20-16 

—9x < -36 

x, -6 

9 -9 

x24 


21. 0.025 = 0.025(100%) = 2.5% 


3 3 
22 = (100%) = 
ee eee 
23. 162% =162{ 1) = (1) =2 
3 3\100) 3100) 6 
PB=A 
1 
—(18)=A 
6! ) 


3=A 
16% of 18 is 3. 


24. 40% =0.40 
PB=A 
0.40B =18 
0.40B_ 18 
0.40 0.40 
B=5 
40% of 45 is 18. 


25. the unknown number: n 





The sum of eight the product of 
times anumber | is equal to four and the 
and twelve number 
8n+12=4n 
8n-—8n+12=4n—-8n 

12=-4n 
12 _-4n 
4 -4 

—-3=n 


The number is —3. 


26. Strategy 
To find the area of the garage, write and solve an 
equation using x to represent the area of the 


garage. 
Solution 
2000 ft2 | is 200 ft? more than three times 
the area of the garage 
2000 = 200 + 3x 
2000 — 200 = 200 — 200 + 3x 
1800 = 3x 
1800 : 3x 
3 3 
600 = x 


The area of the garage is 600 ie 
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27. Strategy 
To find the number of hours of labor, write and 
solve an equation using x to represent the number 
of hours of labor. 


Solution 


t $88 for parts plus $25 for each 
$213 ae _ hour of labor 


213 = 88 + 25x 
125 = 25x 


; Sn 
There were 5 h of labor. 


28. Strategy 
To find the percent of the libraries that had the 
reference book, solve the percent equation using 
B=250 and A = 50. The percent is unknown. 


Solution 
PB=A 
P(250) = 50 
250P _ 50 
250 250 
P=0.20 ~ 
20% of the libraries had the reference book. 


29. Strategy 
Additional amount: x 





Principal Rate Interest 
0.11(4000) 
0.14x 
0.12(4000 + x) 
The total interest earned is 12% of the total 
investment. 
Solution 


0.11(4000) + 0.14.x = 0.12(4000 + x) 
440 + 0.14x = 480 +0.12x 
440 + 0.02x = 480 © 


0.02x = 40 
x = 2000 
$2000 more must be invested at 14%. 
30. Strategy 
Given: C = $8, S= $14 
Unknown: r 
Use the equation § = C + rc. 
Solution 
S=C+rc 
14=8+7(8) 
6=8r 
0.75=r 


The markup rate is 75%. 
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31. Strategy 34. Strategy 
Amount of $4 gold alloy: x First integer: n . 
Second integer: n + 2 
Amount Cost Value Third integer: n + 4 
Three times the second integer is 14 more than the 
4.00x sum of the first and third integers. 
7.00(30 
a Solution 
5.00(x + 30) 3(n+2) =14+(n+n+4) 
The sum of the values before mixing equals the 3n+6=2n+18 
value after mixing. n+6=18 
n=12 
Solution n+2=12+2=14 
4.00x + 7.00(30) = 5.00(x +30) The middle even integer is 14. 
4.00x + 210 =5.00x+150 35. Strategy 
210 =1.00x +150 Number of dimes: x 


60=x Number of quarters: 4x — 5 
60 g of the $4 gold alloy should be used. 


32. Strategy Coin Number Value Total value 


Amount of water: x Dime 5 10 10x 





Amount Percent Quantity Quarters | 4x-5 25 25(4x — 5) 
The sum of the total values of each type of coin 
WwW 
on i : os equals the total value of all the coins (645 cents). 
10% salt solution 70 0.10 0.10(70) 
Solution 
10x + 25(4x — 5) = 645 


7% salt solution x +70 0.07 0.07(x + 70) 





The sum of the quantities before mixing is equal 10x +100x —125 = 645 
to the quantity after mixing. 110x —125 = 645 
Solution : 7 e = 
Ox + 0.10(70) = 0.07(x +70) There are 7 dimes in the bank. 
7=0.07x+4.9 
2.1=0.07x 


30=x 
30 oz of water should be used. 


33. Strategy 
Measure of the equal angles. x 
Measure of the third angle: 2x— 8 
Use the equation A + B + C= 180°. 


Solution 
A+B+C=180 
x+x+(2x—-8) =180 
4x-8=180 
4x =188 


x=47 
The measure of each of the equal angles is 47°. 
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_ Section 5.1 


Concept Review 5.1 
1. Always true 


3. Never true 
In an ordered pair, the first number is the 
x-coordinate and the second number is the 
y-coordinate. 


5. Never true 
Any point plotted in quadrant III has a negative 
y value. 


7. Always true 
Objective 1 Exercises 


3. 





9. A(2, 3), B(4, 0), C(-4, 1), D(-2, -2) 
11. A(—2, 5), B(3, 4), C(O, 0), D(-3, -2) 


13. a. Abscissa of point A: 2 
Abscissa of point C: -4 


b. Ordinate of point B: 1 
Ordinate of point D: -3 


Objective 2 Exercises 
15. y 
g fT 










CI ——| 
HeU2ees esas 
Parsee Te 
EEE Beets 
0 4 8 12 16 20 


Offensive players 





17. 


Number of applause 
interruptions 





19. y 
c pelgeece 
2 sobtt+tH 
S soft ttre ti 
Bop (eee 
EE ci 
% 200 H~ 
0 40 80 120160200 
Number of bathrooms 
Applying Concepts 5.1 
21. 1 unit 
23. O units’ 
25. 1 unit 


27. The coordinates of a point plotted at the origin of 
the rectangular coordinate system is (0, 0). 


Section 5.2 
Concept Review 5.2 


1. Never true 


The equation y= 3x” -6 isa quadratic equation. 
The equation y = 3x + 2 is a linear equation. 


3. Always true 


5. Never true 
To find the x-intercept of a linear equation, let 
i=)! 


7. Never true 
The graph of the equation x = —4 has an 
' x-intercept of (4, 0). 


9. Always true 


Objective 1 Exercises 


1. y=4x+1;m=4,b=1 


3. pata ne bee 
6 6 6 6 | 
5. y=-x+7 
4 | -(3)+7 
=3+7 
‘4 
4=4 


Yes, (3, 4) is a solution of y=-x +7. 
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11. 


13. 


15. 


17. 


19. 
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No, (-1, 2) is not a solution of y= seed. 


1 
=—x+l1 
4 


1] 4(4)+1 
ice 


72 
1#2 


No, (4, 1) is not a solution of y= ax +1. 


Yes, (0, 4) is a solution of y= =a +4, 


y=3x+2 
0 | 3(0)+2 
0+2 


2 
0#2 
No, (0, 0) is not a solution of y= 3x + 2. 


y=3x-2 
= 3(3)-2 
=9-2 
=7 
The ordered-pair solution is (3, 7). 


2 
=<=x-1 
year 


2 
=5-1 


=4-1 
=3 
The ordered-pair solution is (6, 3). 


y=-3x+1 
=-3(0)+1 
=0+1 
=] 
The ordered-pair solution is (0, 1). 


axe yoaxt? 


=E(-5)+2 


=-2+2 
=0 
The ordered-pair solution is (—5, 0). 


Objective 2 Exercises — 


23. 


25. 


27. 


29. 


31. 


33. 


35. 





37. 





39. 





41. 


45. 


47. 


49. 


51. 





Objective 3 Exercises 


53. 3x+y=10 
3x-—3x+y=-3x+10 
y=-3x+10 


55. 4x-y=3 
4x-4x-y=-4x+3 
—y=-4x+3 


(-1)(-y) = (-1)(-4x + 3) 


y=4x-3 


57. 3x+2y=6 
3x-3x+2y =-3x+6 


2y =-3x+6 
2y _ -3xt+6 
2 2 
3 
=-=x+3 
riding 


59, 2x -Sy =10 
2x -2x -Sy=-2x+10 


Sy =-2x +10 
-Sy _ -2x+10 
5  -5 


2 
Se 
Ey. 5 


61. 


63. 


65. 


67. 


69. 


71. 


73. 


75. 


77. 


2x+7y=14 
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2x -2x+7Ty =-2x+14 
Ty =-2x+14 
Ty _ =2x+14 


= 
Z 
=-2x+2 
Wess 


x+3y=6 
x-x+3y=-x+6 
3y=-x+6 


7 


3y _=x+6 


3 


1 
=-~-x+2 
as 





x-intercept: 

x-y=3 

x-0=3 
x=3 


(3, 0) 


y-intercept: 
x-y=3 
0-y=3 
-y=3 
y=-3 
(0, -3) 
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79. 


81. 


83. 


85. 


87. 


89. 


91 


° 
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x-intercept: 
y=2x-6 
0=2x-6 
6=2x 
3=x 

(3, 0) 


x-intercept: 
x-Sy=10 
x-5(0)=10 
x=10 


(10, 0) 3 


x-intercept: 
y=3x+12 
0=3x+12 
-12=3x 
—4=x 
(+4, 0) 


x-intercept: 
2x-3y=0 
2x —3(0) =0 
2x =0 
x=0 
(0, 0) 
x-intercept: 


1 
=—x+3 
y a 


Gees 
2 


ge 
2 

—6=x 

(-6, 0) 


x-intercept: 
5x+2y =10 
5x + 2(0) =10 
5x =10 





x-intercept: 
3x—-4y =12 
3x —4(0) =12 
3x =12 





y-intercept: 


(0, b) 
b=-6 
(0,-6) 
y-intercept: 
x-Sy=10 
0-—Sy=10 
—Sy =10 
y=-2 
(0, -2) 
y-intercept: 
(0, b) 
b=12 
(0, 12) 


y-intercept: 
2x—-3y=0 
2(0)-3y =0 
-3y=0 
y=0 
(0, 0) 


y-intercept: 


(0, b) 
b=3 
(0, 3) 


. y-intercept: 


Sx+2y=10 
5(0)+2y =10 
2y=10 
y=5 
(0, 5) 


y-intercept: 
3x—-4y =12 
3(0)—4y =12 
—4y =12 
y=-3 
(0, -3) 


93. 


95. 


99. 


x-intercept: 
2x+3y =6 
2x +3(0) =6 
2x =6 





x-intercept: 
2x+Sy=10 
2x +5(0) =10 
2x =10 





. x-intercept: 


x-—3y=6 
x—3(0) =6 
x=6 





x-intercept: 
x-4y=8 
x-4(0)=8 
“x=8 





y-intercept: 
2x+3y =6 
2(0)+3y =6 
3y=6 
y=2 
(0, 2) 


y-intercept: 
2x+5y=10 
2(0) +5y =10 
' 5y=10 
= ye 


(0, 2) 


y-intercept: 
x-3y=6 
(0)-3y =6 
—3y=6 
y=-2 
(0, —2) 


y-intercept: 
x-4y=8 
(0)-4y=8 
—4y=8 
y=-2 
(0, -2) 


101. 


103. 


105. 


107. 





x-intercept: 
2x+y=3 
2x+0=3 





x-intercept: 
4x-3y=6 
4x -3(0) =6 
4x=6 





x-intercept: 


3x+4y=-12 
3x +4(0) =-12 
3x =-12 


y-intercept: 
2x+y=3 
2(0)+ y=3 


(0, 3) 


y-intercept: 
4x-3y=6 
4(0)-3y =6 
—3y=6 
y=-2 


(0,-2) . - 


y-intercept: 
3x+4y=-12 
3(0) + 4y = —-12 
4y=-12 
y=-3 
(0, —3) 


y-intercept: 
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109. x-intercept: y-intercept: 


2x ~3y =9 2x -3y=9 
2x —3(0) =9 2(0) -3y =9 
2x =9 -3y=9 
ee a3 
2 
(0, -3) 





Applying Concepts 5.2 
111. a. y+4= -F (+2) 
yt+4= -5r-1 


1 
=——7=5 
y 2* 


b. y=-—x-5 


aay I 

» 5! 2)= 5 

y=1-5 

y=-4 

(-2, 4 

113. y=-x-4 
Increase x by 1 unit. 
y=-(x+1)-4 
y=-x-1-4 
y=(-x-4)-1 
y decreases by 1 unit. 


) 


Section 5.3 
Concept Review 5.3 
1. Always true 


3. Never true ? 
A horizontal line has zero slope, and the slope of a 
vertical line is undefined. 


5. Never true 
The line slopes upward to the right; it has a 
positive slope. 


Objective 1 Exercises 
3. B(4, 2), P, (3, 4) 


X27 —- Xj 3-4 -1 
The slope is —2. 
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4s 


11. 


13. 


15. 


iWh 


19. 


21. 
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P(-1, 3), (2, 4) . 25. A(-1,5), (5, ) 


The slope is > 


(2, 4), Py(4,-1) 
alms al Beaks 


m —_ 
X2q — x, 4-2 2 


a 
2 

aie 5 

The slope is aa 


P(-2, 3), Py(2, 1) 
yoy. i=3e 2 ek 





The slope is eS 
pe 
AB, -3), A(4, 1) 


x2 —X4 4-8 —4 
The slope is -1. 


P.GB, -4), P(3, 5) 37. 

y-y _ 5-(-4)_9 : 
Xq - xy 3 Sao 
The slope is undefined. 





m= 


B(4, ~2), P,(3, —2) 


xX - xy 3-4 ll 
The line has zero slope. 


P(0, =), P,(G3, —2) 


The slope is -5. 


P(-2, 3), P,(l, 3) 
Peete) 3. 
The line has zero slope. . 


AR(-2, 4), P,(-1, =) 


geet 1-2) 
The slope is —5. 


P(-2, —3), P,(-2, 1) 

pe Cat 
X2—-x, —2-(-2) 0 

The slope is undefined. 
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43. 5. Always true 
Objective 1 Exercises 
1. y=2x+b 
2=2(0)+b 
2=b 
y=2x+2 
45. 3x-—4y=12 i 3. y=-3x+b 
2=-3(-1)+b 
2=3+b 
-l=b 
y=-3x-1 
1 
5. y=>xtb 
an 
1 
1=—(3)+b 
3 (3) 
1=1+5 
0=b 
1 
==—x 
3 
7 y=—xtb 
3 
—2=—(4)+b 
4 (4) 
—2=3+b 
49. 4x-S5y=20 —3=0 
Sy =-4x +20 ans 
4 
y= = -4 
5 3. . 
i PSE ee 
9 y 5 x 
3= -2) +b 
—3=-3+b 
0=b 
3 
nas 
Applying concen 5.3 i. Ye La b 
51. Increasing the coefficient of x increases the slope 4 
of y=mx+b. ; : = Cree, 
53. Increasing the constant term increases the ; 3= A. ai 
y-intercept of y= mx + b. (moves the graph 
upward) oe b 
55. No, not all straight lines have a y-intercept. Any 2 1 5 
line that is parallel to the y-axis does not have a y=—xt= 
y-intercept; an example is x = 2. 4.2 
Section 5.4 13. y=-Zx4+b 
Concept Review 5.4 52-2 (-3) +b 
1. Always true eee ee ; 
3. Sometimes true ap 
If a line contains (-3, 1), y is -3 when xis 1 only oe ean 7 
when the equation of the line is y = —x — 2. 3 
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Objective 2 Exercises 


17. m=2, (x,y,)=(, -D 


19. 


21. 


23. 


25. 


y~ yy =m(x—- x) 
y-(-l) =2(x-)) 
yt+1=2x-2 
y=2x-3 
The equation of the line is y=2x — 3. 


= 2, (1,1) = (-2, 1) 
y-yy =m(x- x) 
y-1=-2[x-(-2)] 


y-1=-2[x+2] 
y-1=-2x-4 
y=-2x-3 


The equation of the line is y= —2x - 3. 


2 
ee (x1,y1) = (0, 0) 
y- yy =mM(xX-x,) 

2 
3922640 
y at ) 
oe 
7 


The equation of the line is y = ot. 


1 
aS? (41,91) =(2, 3) 
y-yy =m(x- x) 
y-3=5(x-2) 


1 
—-3=—x-1 
y xe 
1 
=—x+2 
yy, 7* 
The equation of the line is yapxt2, 
3 
ae (x,y) =(-4, 1) 


y-yy =mM(x— X,) 
y-1=-=[-C4)] 


3 
-1=-—[x+4 
y ae ] 
3 
-1=-—x-3 
y 40 
3 
=-—x-2 
yao 


The equation of the line is y = -= —2. 


27. 


29. 


a -3, (x.y) =(2,D 

y-yy =m(x- x) 
y-1= “tx (-2)] 
y-1 = 2x42] 


yay ehenD 
Shes 
geval 2 


The equation of the line is yoaaxts. 
4 
Bes 3% (x1,9,) = (-3, -5) 
yr yy =m(x- x) 
4 
y-(-5)= “aie =(—3)] 
yt5=-5(x43) 
4 
+5=-—x-4 
oy, Pi 


4 
=-=x-9 
yaar 


Applying Concepts 5.4 


31. 


33. 


Find the equation of the line that contains (5, 1) 
and (4, 2). 
2-1 1 
m=——=—=-1 
4-5 -l 
y-yy =mM(x- x) 
y-1=-l(x—5) 
y-l=-x+5 
y=-x+6 
Does (0, 6) satisfy this equation? 
y=-xt+6 
6=-0+6 
6=6 
(0, 6) satisfies y = —x + 6. 
y =-x + 6 contains all three ordered pairs. 


Find the equation of the line that contains (—1, —5) 
and (2, 4). 
2-(-1l) 2+1 3 
y-yy =m(x- x) 
y—-(-5)=3[x-(-)] 
yt5=3(x+1) 
y+5=3x+3 
y=3x-2 | 
Does (0, 2) satisfy this equation?. 
y=3x-2 
2 #3(0)-2 
2#-2 
(0, 2) does not satisfy y = 3x —2. 
There is no linear equation that contains all of the 
given ordered pairs. 


35. 


37. 


39. 


Find the equation of the line that contains (0, 1) 
and (4, 9). 
9-1 
n>=>-e-—--—_— 
er 0 
y-yy =mM(x-x,) 
y- ate 2(x —0) 
y-1=2x 
y=2x+1 


gs 
4 


Substitute x = 3, y =n into this equation, and solve 


for n. 
n=2(3)+1 
n=6+1 
a 
Find the equation of the line that contains (2, —2) 
and (—2, —-4). 

Pets pan?) 442 —-2. -1 

-2-2 ie ey, 
y-Yy =m(x- x1) 


y-(-2)=5(x-2) 
1 
+2=—x-1 
y 3* 


1 
_y=—x-3 
y 7* 


Substitute x = 4, y =n into this equation and solve 
for n. 


1 
n=>(4)-3 


n=2-3 
n=-1 


Strategy 

Water freezers at 0°C, or 32°F. 

Water boils at 100°C, or 212°F. 

Use this information to form the ordered pairs 

(0, 32) and (100, 212). 

Use these ordered pairs to write a linear equation. 


Solution 
= 212-32 ~ 180 9 
100-0 100 5 
F-F =m(C-Q) 
F-32=2(C-0) 
F-32=2C 
cx 5 
F=2C+32 
5 


The equation expressing Fahrenheit temperature 


in terms of Celsius temperature is F = 2c +32. 


41. 


5. 


7. 
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y—y, = 2221 (x x1) 
x2 —X, 
-1-3 
-3= —(-2 
y 4-(-2) [x-(—2)] 
y-3=—(x+2) 
2 4 
=3 === 7 
i make 
eae 
ag 37 23 
Section 5.5 
Concept Review 5.5 
1. Always true 
3. Never true 


m= -5; the slope is negative 


Always true | 


Always true 


Objective 1 Exercises 


3. 


11. 


13. 


15. 


{(37, 44), (6, 3), (16, 16), (6, 13), (8, 15), 
(33, 20)} 

No, the relation is not a function because 6 is 
paired with two different second coordinates. 


{(197, 125), (205, 122), (257, 498), (226, 108), 
(205, 150)} 

No, the relation is not a function because 205 is 
paired with two different second coordinates. 


{(55, 273), (65, 355), (75; 447), (85, 549)} 
Yes, the relation is a function. 


The domain is {0, 2, 4, 6}. 

The range is {0}. 

No two ordered pairs have the same first 
component. 

The relation is a function. 


The domain is {2}. 

The range is {2, 4, 6, 8}. 

The ordered pairs (2, 2), (2, 4), (2, 6), and (2, 8) 
have the same first component and different 


second components. 


The relation is not a function. 


The domain is {0, 1, 2, 3}. 

The range is {0, 1, 2, 3}. 

No two ordered pairs have the same first 
component. 

The relation is a function. 


The domain is {-3, -2, -1, 1, 2, 3}. 

The range is {—3, 2, 3, 4}. 

No two ordered pairs have the same first 
component. 

The relation is a function. 
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17. 


19. 


21. 


25. 


27. 


29. 
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fia) ax | 31. fatx+3 
(10) = 4(0) flags 
f(0)=40 2h. re =a 
The ordered pair (10, 40) is anelement ofthe — J 2 a eee ae 
function. f(-2)= 2 (-2)+3=-14+3=2 
f(x) =x-5 1 
f(-6) =-6-5 FOO eee ee 
f(-6) =-11 1 
The ordered pair (-6, -11) is an element of the f(Q= ale +3=1+3=4 
function. 1 
f(4)=—(4)+3=24+3=5 
2 2 
F(x) =3x The range is {1,2, 3, 4, 5}. 

- f(-2)= 3(-2)? The ordered pairs (-4, 1), (2, 2), (0, 3), (2, 4), 
f(-2) = 3(4) and (4, 5) belong to the function. 
Ff(-2)=12 ; 

The ordered pair (—2, 12) is an element of the 33. f(x)= x? +6 
function. f(-3) =(-3)? +6=9+6=15 
f(x) =5x+1 f(-1) =(-l)? #6 =14+6=7- 
{3|={5} +1 f(0)=(0) +6 =0+6=6 
2 2 f() =()* +6 =14+6=7 
f5\=341 f3)=()? +6=9+6=15 
2) 2 The range is {6, 7, 15}. 
WON a The ordered pairs (—3, 15), (1, 7), (0, 6), (1,7), 
2)°2 and (3, 15) belong to the function. 
The ordered pair (5-3) is an element of the Objective 2 Exercises 
‘function. 35. 
F@= = +4 
2 # 
f(-5) = 5) +4 
Ff(-5) =-2+4 37. 
_ f(-5)=2 
The ordered pair (—5, 2) is an element of the 
function. 
f(x) =2x? 
f(-4) = 2(-4)" 39. 
(-4) = 2(16) 
, 4) =32 ae 
The ordered pair (-4, 32) is an element of the st 4 
function. Pee 
f(x) = 3x-4 41. y 
f(-5) = 3(-5) -4=-15-4=-19 CT CT] 
f-3) = 3(-3)-4=-9-4=-13 PEP T 


f-)) =3¢C1) -4=-3-4=-7 

fQ) =30/) -4=3-4=-1 

£3) =3(3)-4=9-4=5 

The range is {-19, -13, —7, -1, 5}. : 43. 
The ordered pairs (—5, -19), (-3, -13), (-1, -7), 

(1, -1), and (3, 5) belong to the function. 


' 
a 
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45. y : Section 5.6 
Concept Review 5.6 
1. Never true 
ya > —5 is a linear inequality in two variables. 
A linear equality must have an equals sign. 
3. Always true 
5. Always true 
Objective 1 Exercises 


3. y>2x+3 
Graph y = 2x + 3 as a dashed line.. 
Shade the upper half-plane. 





3 
5. y>o—x-4 
Dy. 2* 


Graph y= ox —4 as a dashed line. 
Shade the upper half-plane. 





57. a. V= 30,000 — 5000x 7. 
f( = 30,000 - 5000x 





Graph y= -2 —1 asa solid line. 
Shade the lower half-plane. 


b. 


Value (in dollars) 





c. The value of the computer after 1 year is 
$25,000. 9. 


59. a. C=0.18m +50 6 
f(m) = 0.18m + 50 Graph y= ee 2 as a solid line. 





b. c ; Shade the lower half-plane. 









[| d 
a 
aot (500, 140) 
fff || 
0 200 400 600 800 
Miles 


c. The cost to drive this car 500 miles is $140. 
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11. xty>4 21.. First find the equation of the horizontal line with 


= = y-intercept (0, 2). 
wii 8 “ oe i The equation of the line is y = 2. 


The line is dashed, and the upper half-plane is 
shaded. 
The inequality is y > 2. 


Graph y = —x + 4 as a dashed line. 
Shade the upper half-plane. 


23. y-5<4(x-2) 
y-5<4x-8 





13. 2x+y24 
2x-2x+y2-2x+4 
y2-2x+4 
Graph y = —2x + 4 as a solid line. 
Shade the upper half-plane. 25. 





3x-2Ay+) <y-(5-x) 
3x-2y-2<y-St+x 
3x-3y-2<-5+x 





—3y-2<$-2x-5 
—-3y <-2x-3 
ed 2 
y2-—x+l 
15. ys-2 3 
Graph y = —2 as a solid line. 
Shade the lower half-plane. 





Focus on Problem Solving 





1. The product of the integers —3 and 4 is -12, a 


17. 2x+2y<s-4 negative number. 
2k = 2 2y S25 —A 
ii ae < s, ay 2. The sum of 2 and 3 is 5, a prime number. 
2y -~2x-4 3. Check for numbers 3 and -4. 
Dias? 


yS-x-2 |x+y|2|x|+]y| 


Graph y = -x - 2 as a solid line. 3+(-4)| | |3|+|-4 
Shade the lower half-plane. |-1| 3+4 
BE Be 


4. 4>-5, but 47 <(-5)”. 





enn 5. 4 divided by : is 8, a larger number. 
Applying Concepts 5.6 
/ 1, 
19. First find the equation of the line with x-intercept 6. The reciprocal of 2 is 2, a larger number. 
(-1, 0) and y-intercept (0, 2). ‘ 
Find the slope of the line. 7. True 
A(-1, 0), (0, 2) 8. Ify is a negative number, this is not true. For 
ee . 2-0 pe ee oe example, 8 + (-5) < 8 —(-5). 
XQ - x, 0-(-)) 0O+1 1 . 
The line has slope 2. 9. Letn =17. Then n? +nt17=177 +17+17 
The equation of the line is y= 2x + 2. =1707+1+1) 
The line is a solid line, and the upper half-plane is =17(19) = 323 
shaded. ~ 323 is a composite number, divisible by 17 
The inequality is y > 2x + 2. and 19. 


10. True 


Projects and Group Activities 


Graphing Linear Equations with a Graphing 
Utility 
1. y=2x+1 


10 


oa 
= 
So 
—_ 
So 


| 
a" 
oO 

tm 


be 
SI 
ul 
| 
* 
map 
N 


_ 
° 


| 
— 
So 
— 
o 





—-10 
3. 3x+2y=6 
2y =-3x+6 
3 
=-—x+3 
paps 
10 
+}: 
—10 
4, 4x+3y=75 
3y=-4x+75 
vee +05 
35 
— 5 25 
3: 
39) 
Graphs of Motion 
1. a. y i 
ae 
s2 60 
As 9r 
are ' 
0 1 203: 45 
Time (in seconds) 
b. Let (x,,9,) = (1, 20) and (x2,y2) = (2, 40). 
pa 22 1 020 Pp 2. 
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ce y-—20=20(x-1) 


y—20 = 20x -20 


Speed 
(in meters 
per second) 





x 
0 1 eG aes 
Time (in seconds) 


e. (3 s)(20 m/s) = 60m 





ree 
15 m/s A = 

ie 

peed | | 

0 i 

4 5 


ee 


| 
2 
Time (in seconds) 





Distance 
(in meters) 
> 
uw 





b. For the line representing the car traveling 


10 m/s, let (x1, y,) =(1, 10) and 
(x2,y2) = (2, 20). 


ADL 
For the line representing the car traveling 
15 m/s, let (x,,y,) =(, 15) and 


(x2,92) = 2, 30). 


c. For the car traveling 10 m/s, 


y-10 =10(x-1) 
y-10=10x-10 

y=10x 
For the car traveling 15 m/s, 
y~15=15(x—1) 
yais=15x 15 

y=15x 


d. After 5 s, the car traveling 10 m/s has gone 


(5 s)(10 m/s) = 50 m. 

After 5 s, the car traveling 15 m/s has gone 
(5 s)(15 m/s) = 75 m. 

The cars are 75 — 50 = 25 m apart. 


a. Yes, it is possible. 


b. The object is not moving. 


Chapter Review Exercises 


2 
=-=x+2 
eu B 


2 
=-—(3)+2 
y 30) 


y=-2+2 

y=0R 

The ordered-pair solution is (3, 0). 
m=3,b=-1 

y=mx+b 

y=3x-1 
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10. 
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-4 
mie 


f(x) =3x" +4 
f(-5) = 3-5)" +4 
f(-5) =3(25) +4 


f(-5) =75+4 


f(-5) =79 
The value of f(—5) is 79. 


(1,1) = (3, -4), (x2,y¥2) =(, -4) 
ee eee tg 
Ly i 3 =? 


The line has zero slope. 





2 
m= na? (x1,y}) = Gr 2) 


y— yy =m(x- x) 
y-2=-S[2-(-D)] 


2 
—-2=-—[x+l 
y, 3 ] 
2a 
—-2=-— —— 
z wg 
2a 
=-—x-—+2 
y a 
22 6 
=-—x-—+— 
ee 
5S 
6x — 4y = 12 
x-intercept: y-intercept: 
6x —4(0) =12 6(0)-4y =12 
64—=12 -4y=12 
x=2 y=-3 
(2, 0) (0, -3) 





13. 


14. 


15. 


16. 


17. 


18. 


19. 


20. 


m=~, (x,y) =(-3, D 
y-yy =m(x- x) 
y-1=S1x-3) 


2 
-l==[x+3 
y 3 ] 
2 
-l==x+2 
y a 


2 
==x+3 
y=ax 


(%1.44) =(2, =), (x2,y2) = (4, 1) 

nie. =i — 1-3) Bees 
yk ee 2 

The slope of the line is 2. 


ff = 2x42 


f(-10) =2(-10) +2 


f(-10) =-6 +2 
f(-10) =-4 


The domain is {—20, —10, 0, 10}. 

The range is {-10, —5, 0, 5}. 

No two ordered pairs have the same first 
coordinate. The relation is a function. 





21. 2x-3y=12 
x-intercept: y-intercept: 
2x —3(0) =12 2(0)-3y =12 
2x =12 - —3y=12 
x=6 y=-4 
(6, 0) (0, -4) 


22. m=2, (x,y) =(-1, 0) 
yyy =m(x- x4) 
y-0=2%x-(-1)] 
y=2Axtl] 
y=2x+2 


23. 





25. (%4,9)) = (2, 5) (x9,Y2) =(-3, 4) 


iV ae Dia tle 31. 
Lp HS 2) 3 


The slope of the line is -z. 


1 
26. m 58 (x41,91) =(2, 3) 
y- yy =m(x—- x) 


y-3=5G-2) 


1 
-3=—x-1 
ae 2 








P=o0 é' 
The ordered-pair solution is (—2, —5). 


30. m=-3,b=2 
y=mx+b 
y=-3x+2 


31. 


32. 


33. 


34, 


35. 


36. 


37. 


38. 


39. 
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3 
5 
The value of 5 = (07 


(x11) = @G, 2), (*2,92)=@B, 9) 
2 SR aaa dell 

XxX — xX, 3 a 3 0 
The slope of the line is undefined. 


m= (x,9)=@-1) 
y-yy =m(x- x1) 
y=(-)=5G-2) 


1 
+1=—x-1 
y 2* 


1 
=—x-2 
(2 


1 
=—x+2 
eer 


0 eer 
—2+2 
0=0 


Yes, (-10, 0).is a solution of y= = +2. 


y=4x-9 

y=4(2)-9 

y=8-9 

y=-l 

The ordered-pair solution is (2, —1). 


4x-3y=0 
x-intercept: y-intercept: 
4x —3(0) =0 4(0)-3y=0 
4x=0 —3y=0 
x=0 y=0 
(0, 0) (0, 0) 


y-yy =m(x- x) 
» y-3=0[x-(-2)] 
y-3=0 





















The relation is {(25, 4.8), (35, 3.5), (40, 2.1), 
(20, 5.5), (45, 1.0)} 

No two ordered pairs have the same first 
coordinate. 

The relation is a function. 


a. C=70s + 40,000 
f(s) = 70s + 40,000 


Cost (in hundred- 
=m NW 


thousands of dollars) 





Square feet 
(in thousands) 


c. The contractor’s cost to build a house of 
1500 ft? is $145,000. 


(x1, ) = (1980, 196), (x2, 2) = (1990, 781) 
pa De OIG Se 8 es 5 
x)-% 1990-1980 10 


The number of heart surgeries performed is 
increasing at a rate of 58.5 per year. 


m=->, (x,y) =(9, -3) 
y-yy =m(x-x;) | 
y-(-3)=-3(e-9) 


1 
+3=-=—x+3 

7 3 

hie 

aes 
(x14) =Q, 8), (x2,¥2) =(-2, 1) 
ee Se ee 
oc oo et 


The slope of the line is = : 


3x-2y=24 
x-intercept: y-intercept: 
3x —2(0) = 24 3(0) -2y = 24 
3x =24 —2y =24 
x=8 y=-12 
(8, 0) (0, -12) 
y 3 x-1 
cane Oy=1 
y=-12-1 
_y=-13 


The ordered-pair solution is (9, -13). 
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40. 48. 
41. 49. 
42. 
43. The domain is {-10, -5, 5}. 
The range is {-5, 0}. 
The ordered pairs (—10, —5) and (—10, 0) have the 
same first coordinate and different second 
coordinates. The relation is not a function. 50. 
44. fw =3x+7 
f(-20) = 3(-20) + 7 = -60 + 7 =-53 
f(-10) = 3(-10) + 7 = -30 + 7 = -23 
f(0) =3(0)+7=7 
f(10) = 3(10) + 7 = 30 + 7 = 37 z 
f(20) = 3(20) +7 = 604+7=67 Chapter Test 
The range is {-53, -23, 7, 37, 67}. 1 
45. fx)=gx+4 
fl-6)=3(-6)44=244=2 
fl-3)=3(-3) +4 = -14+4=3 
fO)=(0)+4=044=4 
fG)=5G)+4=144=5 2. 
f(6) =5(6)+4=244=6 
The range is {2, 3, 4, 5, 6}. 
46. y 
8 3. 
§ 4000 
43 3000 
s 2000 
E 1000 
Z pa 3] Seeyaely dint 
0 2 4 6 8 10 12 14 
Revenue (in billions of dollars) 4. 
47. = 
sS 
> 
Wa § 8 
BSBS 6 
ESE 3 4 
S25 
Zs. 5 Dies 
a = i : : : : 
& 60 80 100 120 
Number of volunteers 


(in ten thousands) 


14. 
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YT 15. m=4, (x,,y,)=(2,1) 
Behe Rest 
=e eae 
: y-1=4x-8 
| —— y=4x-7 
SLteee 
a = ; 16. f(x)=4x?-3 
| x - f(-2)=4(-2)? -3 
f(-2) = 4(4)-3 =16-3 
f(-2) =13 
f(x) =4x+7 The value of f(-2) is 13. 


3 3 
AD =4g)+7 
3) =347 
4 
(3) =10 
4 
The value of 3) is 10. 


aad 
3 


for! 
3) 4+1 


3#5 


No, (6, 3) is not a solution of y = =x +1. 





23. f(x)=-3x+7 
f(-6) = -3(-6) +7 
f(-6) =18+7 
f(—6) = 25 
The value of f(-6) is 25. 


24. The domain is {8}. 
The range is {0, 2, 4, 8}. 
The ordered pairs (8, 8), (8, 4), (8, 2), and (8, 0) 
have the same first coordinate and different 
second coordinates. The relation is not a function. 


SI SaGy BG Ss 
The line has zero slope. 


none p=. 
5 


y=mxt+b 


2 
=-=x+7 
ps 
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3 
25. m= 3’ (x1,¥,) = (5, 0) 


y-yy =m(x- x) 
3 
-~0=—(x-5 
y 5 ) 


3 
y im 3 
26. fj =-3x+5 
f(-7) =-3(-7) +5 =214+5=26 © 
f(-2) =-3(-2)+5=6+5=11 
f(0) =-3(00) +5=0+5=5 
F(4) =-3(4) +5 =-124+5=-7 
£9) =-3(9) + 5 =-27 + 5 =-22 
The range is {-22, -7, 5, 11, 26}. 


27. 





3 
3 
%S 
ey 
2 
g 0123456" 
~ Distance (in miles) 


28. a. C=8t + 1000 
FS = 8t + 1000 





7 pt 
0 100 200 300 400 . 500 
Toasters manufactured 


c. The cost to manufacture 340 toasters is $3720. 


29. The relation is {(8.5, 64), (9.4, 68), (10.1, 76), 


(11.4, 87), (12.0, 92)} 
No two ordered pairs have the same first 
coordinate. The relation is a function. 


30. (x,y) = (1, 300), (x2, y2) = (6, 480) 
x2 - x, 6-1 3 


The cost of the lumber has been increasing by $36 


per month. 
Cumulative Review Exercises 


1. 12-18+3-(-2)? =12-18+3-4 





=12-6-4 
=12-24 
=-12 
a-—b 
2.. 
a*-c 
oot fas 
(-2)*-(-4)_ 4-(-4) 
soot 
4+4 
— 
8 
3 


3. 4(2-—3x)-5(x-4) =8-12x—-5x+20 
" =-]12x-5x+8+20 
=-17x+28 
D7 
Qx-=== 
4 i a3 
2 feet ae 
33 3 
See 
3 
ee) 
2h ee 
Di Ds 
3 
x= > 
Zz 


The solution is =. 


§.  3x-2[x-3(2-3x)]=x-6 
3x -—2[x-6+9x]=x-6 

3x —2[10x —6]=x-6 

3x -—20x+12=x-6 


-17x+12=x-6 
-17x-x+12=x-x-6 
-18x+12=-6 
-18x+12-12=-6-12 
-18x =-18 
Slee ste 
-18 -18 
ci 


The solution is 1. 
2 2a 20 1 


6. 62826. 
32 32100" 23 100 
220g els 
300. 15 


1h Mlb P Sh Sh OS 1583) 


8. -23>-16 false 
-18>-16 false 
-4>-16 tme 
O>-16 true 
5>-16 true 


9. 8a-—325a-6 
8a-—Sa-—32=5a-—Sa-6 
3a-32>-6 
3a-34+32-64+3 
3a2-3 
3a, -3 
Sees 
a2-1 
10. 4x —Sy =15 
4x-4x-Sy=-4x+15 
Sy =-4x+15 
ay _ 4x 415 
—5 -5 


a4 
=—x-3 
ag 
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11. y=3x-1 


y=3(-2)-1 21. f(x) =-3x43 
y=-6-1 : : 
y=] fC) =-F(-9) +3 =15+3=18 


The ordered-pair solution is (—2, -7). 5 
F(-6) = -—(-6) +3 =10+3=13 
12. (x1,y,) =(2, 3), (x2,¥2) =(-2, 3) 3 


era Oneal fCj=-=Ea3eseses 
x2 7X —2-2 —4 é a . 
The line has zero slope. : fO)= ay +3=0+3=3 
13. 5x+2y=20 5 
x-intercept: y-intercept: fG)= pa +3=-5+3=-2 
5x +2(0) =20 5(0)+2y =20 — ee ve 
5x = 20° ay = 20 f®= ROTSS 10+3=-7 
x=4, y=10 The range is {-7, -2, 3, 8, 13, 18}. 
(4, 0) (0, 10) : 
: . 22. Strategy 
14. m=-1, (x,y) =(, 2) ¢ Smaller number: x 


Larger number: 24 — x 
e Twice the smaller number is three less than 
the large number. 


y— yy =m(x- x1) 
y-2=-1(x-3) 
y-2=-x+3 
y=-x+5 Solution 
2x =(24-—x)-3 
2x=21-x 
2x+x=21-x+x 
3x21 
arp2l 
33 
Xi) ee 
24-x=24-7=17 
The two numbers are 7 and 17. 


23. Strategy 
To find the location of the fulcrum when the 
system balances, replace the variables Fj, F,, and 
d in the lever system equation with the given 
values, and solve for x. 


Solution _ 
Kix = Fy(d-x) 
80x = 560(8 — x) 
80x = 4480 —560x 
80x + 560x = 4480 —560x + 560x 
640x = 4480 
19. The domain is {0, 1, 2,3, 4} eee 
. The domain is {0, 1, 2, 3, 4}. ea 
The range is {0, 1, 2, 3, 4}: Se ae 
No two ordered pairs have the same first The fulcrum is 7 ft from the 80-Ib force. 
coordinate. The relation is a function. 


20. fi) =-4x+9 
f(5) = 4(5) +9 
(5) =-20 +9 
f(5) =-11 
The value of f(5) is 11. 








120. 


24. 


25. 
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Strategy 

e Length of the third side: x 
Length of the first side: 2x 
Length of the second side: x + 5 

e Use the equation P=a+b+c. 


‘ Solution 


P=a+bte 

49 =x+2x+(x+5) 
49=4x+5 

44=4x 


ll=x 
2x 2h) = 22 
The length of the first side is 22 ft. 


Strategy 
Given: R= $89 


r= 30% =0.30 
Unknown: S$ 


Solution 
S=R-rR 

S = 89 — 0.30(89) 
S = 89 — 26.70 


‘S = 62.30 


The sale price is $62.30. 


Chapter 6: Systems of Linear Equations 


Section 6.1 
Concept Review 6.1 
1. Always true 


3. Sometimes true 
An ordered pair can be a solution of one equation, 
but not of the other equation, in a system of linear 
equations. 


5. Sometimes true 
The graph could be the solution of two equations. 


Objective 1 Exercises 


3. 3x+4y=18 2x-y=1 


3(2) +(4)3 | 18 23)-3 | I 
6+12 | 18 4-3}1 


18=18 1 
Yes, (2, 3) is a solution of the system of 
equations. 
5. 3x-y=5 2x+5y=-8 
(=(2y yo) 20) + 5-2) 
3+2|5 2-10 
5=5 -8=-8 
Yes, (1, —2) is a solution of the system of 
equations. 


7. 5x-2y=14 xt+y=8 
5(4) — 2(3) | 14 4+3[8 


20-6 | 14 7#8 
14=14 
No, (4, 3) is not a solution of the system of 
equations. 

9. 4x-y=-5 2x +5y =13 
=1)—3 |'5 2(—1) + 5(3) | 13 
-4-3]5 —2 +15 | 13 

= 7 #=5 13 =13 
No, (-1, 3) is not a solution of the system of 
equations. 
11. 4x+3y=0 2x-y=1 


4(0) +3(0) | 0 2(0)-0 | 1 
0+0]0 0-0}1 
0=0 


-0#1 
No, (0, 0) is not a solution of the system of 
equations. 
13. y=2x-7 3x-y=9 
—3 | 2(2)-7 3(2) -—(-3) | 9 
-3 | 4-7 6+3]9 
-3=-3 9=9 
Yes, (2, —3) is a solution of the system of 
equations. 


15. y=2x-8 y=3x-13 


2 ooas 2 pone 
2110-8 2415-13 

DD Qe 

Yes, (5, 2) is a solution of the system of 
equations. 





23. 





The system of equations is inconsistent and has 
no solution. 


31. 





The system of.equations is dependent. The 
solutions are the ordered pairs that satisfy the 
equation y = 2x — 2. 
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33. 
49, 


35. 





37. 


51. 





The system of equations is inconsistent and has 
no solution. 


53. 





Applying Concepts 6.1 


Find the equation of the line that contains the 
points (—2, 2) and (0, 4). 

Find the slope of the line. 

P(-2, 2), P,(0, 4) 


x2 - Xj 0- (-2) 2 
The line has slope 1. 
y=xtb 
4=0+b 
4=b 
The equation of the line is y= x + 4. 
The horizontal line with y-intercept (0, 2) has the 
equation y = 2. 
The system of equations is y=x+4 

‘y=2. 


Find the equation of the line that contains the 
points (2, 0) and (1, 1). 


Find the slope of the line. 
A(2, 0), P,(], 1). 

i Se 

x%2-N 1-2 -1 

The line has slope —1. 
y=-x+b 

1=-1+b 

2=b 


The equation of the line is y= —x + 2. 
Find the equation of the line that contains the 
points (0, 0) and (1, 1). 


Find the slope of the line. 
PO, 0), Pl, 1) 
gd gee, 

x2 —-X, 1-0 

The line has slope 1. 

y=xtb 

0=0+b 

O=b 


The equation of the line is y=x+0 or y=x. 
The system of equations is y = x 
y=-x+2. 


a. Always true 
b. Never true 


ce. Always true : 


Section 6.2 


47. 


1. 
3. 





The system of equations is inconsistent and has 
no solution. 


5. 


Concept Review 6.2 


Always true 


Never true 
The solution of a system of two linear equations is 
an ordered pair. 


Never true 
The system of equations is inconsistent. The 
system does not have a solution. 


Objective 1 Exercises 


1. 


3 


(1) 2x+3y=7 
(2) 5S2 
Substitute in equation (1). 
2x+3y=7 
2(2)+3y=7 
44+3y=7 
3y— 5 
y=1 
The solution is (2, 1). 


(1) y=x-3 
(2) x+y=5 
Substitute into equation (2). 
x+y=5 
x+(x-3)=5 
2x-3=5 
2x=8 
Substitute x in equation (1). 
y=x-3 
y=4-3 
y=1 
The solution is (4, 1). 


(1) x=y-2 

(2) x+3y=2 
Substitute in equation (2). 

x+3y=2 

(y-2)+3y =2 

4y-2=2 

4y=4 

y=1 


“Substitute y in equation (1). 


x=y-2 

x=1-2 

x=-1 

The solution is (—1, 1). 


(1) 2x+3y=9 
(2) y=x-2 
Substitute in equation (1) 
2x+3y=9 
2x+3(x-2)=9 
2x+3x-6=9 
5x-6=9 
5x=15 
x=3 
Substitute x into equation (2). 
y=x-2 
y=3-2 
y=1 
The solution is (3, 1). 


9. 


11. 
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(l) 3x-y=2 
(2) y=2x-1 
Substitute into equation (1). 


3x-y=2 
3x -(2x-1)=1 
3x-2x+1=2 
x+1=2 


x=1 
Substitute x in equation (2). 


y=2x-1 
y=2(1)-1 
y=2-1 
eel 
The solution is (1, 1). 
(1) x=2y-3 
(2) 2x-3y=-5 
Substitute in equation (2). 
2x—-3y=-5 
2(2y -3)-3y =-5 
4y-6-3y=-5 
y-6=-5 
y=1 
Substitute y in equation (1). 
x=2y-3 
x=2(1)-3 
x=2-3 
x=-l 


13. 


15. 


The solution is (—1, 1). 


(1) y=4-3x 
(2) 3x+y=5 
Substitute in equation (2). 
3xt+y=5 
3x+(4-3x)=5 
0+4=5 
4=5 
The system is inconsistent and has no solution. 


(1) x=3y+3 
(2) 2x-6y=12 
Substitute in equation (2). 
2x -—6y =12 
2(3y +3)—6y =12 
6y+6-6y=12 
0+6=12 
6=12 
The system is inconsistent and has no solution. 
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17. 


19. 


Chapter 6: Systems of Linear Equations 


(1) 3x+5y=-6 
(2) x=Sy+3 
Substitute in equation (1). 
3x+5y=-6 
3(Sy +3)+5y=-6 
1Sy+9+5y =-6 
20y +9 =-6 
20y =-15 
Bee 
Peekinl 


Substitute y in equation (2). 
x=Sy+4 


x= 4-2} +3 
4) 
gees 
Se 2 
x=—-—+— 
4 4 
3 
x=-— 
The solution is (-3. -3, 
4 4 
(1) x=4y-3 
(2) 2x-3y=0 
Substitute in equation (2). 
2x-3y=0 
2(4y —3)-3y =0 
8y-6-3y=0 
' Sy-6=0 
Sy =6 


Substitute y in equation (1). 


x=—-3 
5 
7A _15 
3 5 
9 
x== 
5 


The solution is (2. a} 
345 


21. 


25. 


(1) y=2x-9 
(2) 3x-y=2 
Substitute in equation (2). 
3x-y=2 
3x -—(2x-9)=2 
3x-2x+9=2 
x+9=2 
x=-7 
Substitute x in equation (1). 
y=2x-9 
y=2(-7)-9 


The solution is (—7, —23). 


(1) 3x+4y=7 
(2) x=3-2y 
Substitute in equation (1). 
3x+4y=7 
3(3 -2y)+4y =7 
9-6y+4y=7 
9-2y=7 
—2y=-2 
y=1 
Substitute y in equation (2). 
x=3-2y 
‘x =3-2(1) 
x=3=2 


i= 
The solution is (1, 1). 


(lI) 2x-y=4 
(2) 3x+2y=6 
Solve equation (1) for y. 
2x-y=4 
—y=-2x+4 
y=2x-4 
Substitute in equation (2). 
3x+2y=6 
3x +2(2x-4)=6 
3x+4y-8=6 
71x -8=6 
7x=14 
x2 
Substitute x in equation (1). 
2x-y=4 
2(2)-y=4 
4-y=4 
-y=0 
y=0 
The solution (2, 0). 


27. 


29. 


(1) 4x-3y=5 
(2) x+2y=4 
Solve equation (2) for x. 
x+2y=4 
x=-2y+4 
Substitute in equation (1). 
4x-3y=5 
4(-2y + 4)-3y=5 
—8y+16-3y=5 
-lly+16=5 © 
-lly=-11 
y=1 
Substitute y in equation (1). 
4x-3y=5 
4x -3(1) =5 
4x-3=5 
4x=8 


x=2 
The solution is (2, 1). 


@ 7x-y=4 
(2) S5x+2y=1 
Solve equation (1) for y. 
TIx-y=4 
—-y=-7x+4 
y=7x-4 
Substitute in equation (2). 
5x+2y=1 
5x +2(7x-4)=1 
5x+14x-8=1 
19x-8=1 
19x=9 
9 
x=— 
19 
Substitute x in equation (1). 


Ix-y=4 


9 13 
lution is | —, -—]. 
The solution is (= =| 


31. 


33. 
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(1) 4x-3y=-1 
(2) y=2x-3 
Substitute in equation (1). 
4x-3y=-1 
4x -3(2x-—3)=-1 
4x-6x+9=-1 
—2x+9=-1 
—2x =-10 


Bo 
Substitute x in equation (2). 
y=2x-3 
y=2(5)-3 
y=10-3 
ye des 
The solution is (5, 7). 


Q) 7x+y=14 
(2) 2x-Sy=-33 
Solve equation (1) for y. 
Tx+y=14 
y=-7x+14 
Substitute in equation (2). 
2x—Sy =-33 
2x —5(-7x +14) = -33 
2x + 35x — 70 = -33 


37x —70 = -33 
37x =37 
XE = 

Substitute x in equation (1). 
Ix+y=14 
1)+y=14 
7T+y=14 

y=7 


The solution is (1, 7). 
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35. (1) x-4y=9 
(2) 2x-3y=11 
Solve equation (1) for x. 
x-4y=9 
x=4y+9 
Substitute in equation (2). 
_ 2x-3y=11 
2(4y+9)—-3y =11 
8y+18-3y=11 
5y+18=11 
Sy =-7 


7 
va a 
Substitute y in equation (1). 


The solution is (Z. -2) 
5° 985 
37. (l) 4x-y=-5 
(2) 2x+5y=13 
Solve equation (1) for y. 
4x-y=-5 
-y=—-4x-5 
y=4x+5 
Substitute in equation (2). 
2x +5y =13 
2x+5(4x +5) =13 
2x + 20x +25 =13 
22x. +25 =13 
22x =-12 
12 6 


gp), Ni 
. Substitute x in equation (1). 


4x-y=-5 


The solution is (-#. * 
11 11 


39. 


41. 


43. 


(1) 3x+4y=18 
(2) 2x-y=1 
Solve equation (2) for y. 
2x-y=1 
-y=-2x+1 
y=2x-1 
Substitute in equation (1). 
3x+4y=18 
3x+4(2x-1) =18 
3x+8x-4=18 
1lx-4=18 
M22 
Xe 
Substitute x in equation (2). 
2x-y=1 
2(2)-y=1 
4-y=1 
-y=-3 
y=3 
The solution is (2, 3). 


(l) 5x+2y=0 
(2) x-3y=0 
Solve equation (2) for x. 
x-3y=0 
x=3y 
Substitute in equation (1). 
5x+2y=0 
5(3x)+2y=0 
15y+2y=0 
17y=0 
y=0 
Substitute y in equation (2). 
x-3y=0 
x —3(0)=0 
x-0=0 
x=0 
The solution is (0, 0). 


Q) 3xt+y=4 
(2) 9x+3y=12 
Solve equation (1) for y. 
3xt+y=4 

y=-3x+4 


' Substitute in equation (2). 


9x+3y =12 
9x +3(-—3x +4) =12 
9x-—9x+12=12 
12=12 
The system is dependent. The solutions are the 
ordered pairs that satisfy the equation 3x + y = 4. 


45. 


47. 


49. 


QQ) x+7y=-5 
(2) 2x-3y=5 
Solve equation (1) for x. 
x+7Ty=-5 
x=-Ty-5 
Substitute in equation (2). 
2x-3y=5 
2(-7y -—5) -3y=5 
-14y-10-3y=5 
-17y-10=5 


Substitute y in equation (1). 
x+7Ty=-5 


20 eal5 


The solution is (2. -3} 
17 


17 


(lj) y=2x-8 
(2) y=3x-13 
Substitute in equation (2). 
y =3x-13 
2x-8=3x-13 
—-x-8=-13 
-x=-5 
x=5 


Substitute x in equation (1). 


y=2x-8 

y=2(5)-8 

y=10-8 

y=2 : 
The solution is (5, 2). 


(l) x=3y+7 
(2) x=2y-1 
Substitute in equation (2). 
x=2y-1 
3y+7=2y-1 
yt+7=-1 
y=-8 


Substitute y in equation (1). 


x=3y+7 

x =3(-8)+7 

x=-24+7 

x=-17 

The solution is (—17, —8). 


51. 


53. 
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(lI) x=3-2y 
(2) x=Sy-10 
Substitute in equation (2). 
x=Sy-10 
3-2y=Sy-10 
3-7y=-10 
-Ty =-13 


Jessa. 


Substitute y in equation (1). 
x=3-2y 


The solution is (-3. + 
Teel 
(Ql) 3x-y=11 
(2) 2x+Sy=-4 
Solve equation (1) for y. 
3x-y=11 
-y=-3x+11 
y=3x-11 
Substitute in equation (2). 
2x+5y=-4 
2x +5(3x-11)=-4 
2x+15x-55=-4 
17x-55=-4 
17x =51 


a 

Substitute x in equation (1). 
3x-y=11 
3(3)-y=11 
9-y=11 

-y=2 
y=-2 
The solution (3, -2). 
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Applying Concepts 6.2 


55. 


57. 


(1) (O.1x-0.6y =-0.4 


x-6y=-4 
(2) -0.7x+0.2y=0.5 
-7x+2y=5 
Solve equation (1) for x. 
x=6y-4 


Substitute in equation (2). 


-T(6y-—4)+2y=5 
—42y+28+2y=5 
—40y + 28=5 
—40y = -23 
23 


0 


Substitute y in equation (1). 


x-4 >) --4 
40 


The solution is (- 


(Ql) 0.4x+0.S5y =0.2 
4x+5y=2 
(2) 0.3x-0.1ly=1.1 
3x-y=11 
Solve equation (2) for y. 
-y=-3x+11 
y=3x-11 


Substitute in equation (1). 


4x+5(3x-11)=2 
4x+15x-55=2 
19x-55=2 

19x =57 


Substitute x in equation (2). 


33)-y=11 
9-y=11 
y=-2 

The solution is (3, —2). 


M23 
20’ 40) 


(J) 1.2x+0.1ly =1.9 
12x+y=19 
(2) 0.1x+0.3y =2.2 
x+3y =22 
Solve equation (2) for x. 
x=22-3y 
Substitute in equation (1). 
12(22 -3y)+ y=19 
264 -36y+y=19 
264 -35y =19 
—35y = —245 
re 
Substitute y in equation (2). 
x=22—-3y 
x =22-3(7) 
x=22-21 
x=1 
The solution is (1, 7). 


(1) 2x-3y=7 
—3y=-2x+7 
3y=2x-7 
2x-7 


For the system of equations to have no solution, 
the slopes of both lines must be equal. 


3353 
k=2 
(1) x=4y+4 
—-4y=-x+4 
eet 
aaa 
(2) kx-8y=4 
-8y=-kx +4 
eel 
ie 2 


For the system of equations to have no solution, 
the slopes of both lines must be equal. | 
k_ 1 ; 


Section 6.3 
Concept Review 6.3 
1. Always true 


3. Never true 


If two equations in a system of linear equations 
have the same slope and different y-intercepts, 
then the graphs of the two equations are parallel 
and never intersect. 


5. 


Never true 

The solution of a system of equations is an 
ordered pair. The y-coordinate of that ordered pair 
is equal to —2. 


Objective 1 Exercises 


1. 


() xt+y=4 

(2) x-y=6 
Add the equations 

2x =10 

x=5 

Replace x in equation (1). 
xt+ty=4 

S+y=4 

. ysl 
The solution is (5, -1). 


(Q) x«t+y=4 
(2) 2x+y=5 
Eliminate y. 
—l(x+y)=-1-4 
2x+y=5 


—-x-y=-4 
2x+y=5 
Add the equations 
x=1 
Replace x in equation (2). 
2x+y=5 


- U)+y=5 


2+y=5 
y=3 
The solution is (1, 3). 


(l) 2x-y=1 
(2) x+3y=4 
Eliminate y 
3(2x — y) =3-1 
x+3y=4 


6x -3y =3 
x+3y=4 
Add the equations. 
7x =7 
x=1 
Replace x in equation (2). 
x+3y=4 
1+3y=4 
3y =3 
y=l 
The solution is (1, 1). 


7. 


11. 
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(l) 4x-Sy=22 
(2) x+2y=-1 
Eliminate x. 

4x —-Sy =22 
—4(x + 2y) =-4(-1) 


4x—Sy =22 
—4x-8y=4 
Add the equations. 
—13y = 26 
y=-2 
Replace y in equation (1). 
4x-Sy =22 
4x -5(-2) = 22 
4x+10=22 
4x=12 


x=3 
The solution is (3, —2). 


(l) 2x-y=1 
(2) 4x-2y=2 
Eliminate y. 
—2(2x -— y)=-2-1 
4x-2y=2 


—4x+2y=-2 
4x-2y=2 
Add the equations. 
0=0 
The system is dependent. The solutions are the 
ordered pairs that satisfy the equation 2x - y = 1. 


Q) 4x+3y=15 
(2) 2x-Sy=1 
Eliminate y. 
5(4x+3y)=5-15 . 
3(2x —S5y) =3:-1 


20x + 15y =75 
6x-15y=3 © 
Add the equations. 
26x = 78 
cis 
Replace x in equation (1). 
4x+3y=15 
4(3)+3y =15 
. 124+3y=15 
3y =3 
y=1 
The solution is (3, 1). 
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13. (1) 2x-3y=5 19. (1) 3x-2y=0 
(2) 4x-6y=3 (2) 6x+5y=0 
Eliminate x. Eliminate x. 
—2(2x -—3y) =—2-5 —2(3x —2y) = —2(0) 
4x—-6y =3 6x+5y=0 
—4x+6y=-10 -6x+4y=0 
4x-6y =3 6x+5y=0 
Add the equations. Add the equations. 
0=-7 9y=0 
The system is inconsistent and has no solution. y=0 
15. () 5x-2y=-1 Replace y in equation (2) 
a 6x+5y=0 
(2) x+3y=-5 6c 50) 26 
Eliminate x. KOE: 
6x=0 
5x-2y=-1 220 
—5(x + 3y) = —5(-5) The solution is (0, 0). 
5x-2y=-1 (1) 2x-3y=16 
—5x-15y=25 (2) .3x+4y=7 
Add the equations. Eliminate y. 
—17y =24 4(2x -—3y) =4-16 
_ #24 3(3x+4y) =3-7 
ya—F 
Replace y in equation (1). 8x-12y = 64 
5x-2y=-1 9x+12y=21 
5 24) _ 1 Add the equations. 
itd) Or: 17x =85 
48 x=5 
5x +75 =-1 Replace x in equation (1). 
48 2x—3y=16 
es 2(5) —3y =16 
5x2 _48 10-3y =16 
eeu Sh 
65 Vane 
pia tas The solution is (5, -2). 
13 
x — 
17 
The solution is (-3. -3) 
eee le 
17. () 5x+7y=10 
(2) 3x-14y=6 
Eliminate y. 
2(5x+7y) =2-10 
3x—-14y =6 
10x+14y =20 
3x—-14y =6 
Add the equations. 
13x = 26 
x=2 
Replace x in equation (2). 
3x-14y =6 
3(2) -14y =6 
6-14y =6 
-14y=0 
y=0 


The solution is (2, 0). 


23. 


25. 


(1) 5x+3y=7 
Q)e2x + 5y = 
Eliminate x. 
—2(5x +3y) =-2-7 
5(2x + 5y) =5-1 


-10x -—6y =-14 
10x + 25y =5 
Add the equations. 
19y =-9 
oan 
tna 19 , 
Replace y in equation (2). 
2x+5y=1 


2x+{-2) =1 
19 


pe | 
19 


a a 
19 


9 


The solution is (=. -3) 


OLS 


(1) 7x-2y=13 
(2) 5x+3y=27 
Eliminate y. 

3(7x —2y) =3-13 
2(Sx + 3y) =2-27 


21x —6y =39 
10x +6y =54 
Add the equations. 
31x = 93 
x=3 
Replace x in equation (1). 
7x —2y =13 
71(3) -2y =13 
21-2y =13 
—2y =-8 
yed 
The solution is (3, 4). 


27. 


29. 


31. 
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() 8x-3y=11 
(2) 6x-Sy=11 
Eliminate y. 

5(8x —3y) =5-11 
—3(6x — Sy) =-3-11 


40x -15y =55 
-18x+15y =-33 
Add the equations. 
224 —22 

cae 

Replace x in equation (1). 

8x-3y=11 . 
8(1)-3y =11 
' 8-3y=11 

—3y=3 
y=-l 

The solution is (1, —1). 


(1) 5x+15y=20 

(2) 2x+6y=8 

Eliminate x. 

-2(5x +15y) =—2-20 
5(2x + 6y) =5-8 


-10x —30y = —40 
10x +30y = 40 
Add the equations. 
0=0 
The system is dependent. The solutions are the 
ordered pairs that satisfy the equation 


5x +15y = 20. 


(1) 3x =2y+7 

(2) 5x-2y=13 

Write equation (1) in the form Ax+ By =C. 
3x=2y+7 ; 

3x-2y=7 

Eliminate y. 

~-1(3x-2y)=-1-7 
5x-2y =13 


—3x+2y=-7 
5x -2y =13 
Add the equations. 
2x =6 
Lil 
Replace x in equation (2). 
5x -2y =13 
5(3) —2y =13 
15-2y =13 
-2y=-2 
y=l 
The solution is (3, 1). 
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33. (1) 2x+9y=16 37. (1) 3x+y=1 
(2) 5x =1-3y (2) Sxty=2 
Write equation (2) in the form Ax+ By=C. Eliminate y. 
ee 3x.+y=1 
5x =1-3y ° 
Eliminate y. 
2x +9y =16 one aus 
-3(5x +3y)=-3+1 tla ice aes 
Oy __ Add the equations. 
2x+9y =16 25 = 1 
-15x-9y=-3 ae 
Add the equations. 2. : 
-13x=13 Replace x in equation (1). 
at 3x+y=1 
Replace x in equation (1). L tyet 
2x+9y =16 
2(-1)+ 9y = 16 Sr aereen 
-2+9y=16 aioe 
9y =18 
y=2 GF 
The solution is (-1, 2). 1 
ye ree: 
35. (1) 2x+3y=7-2x : 101 1 
(2) 7x+2y=9 The solution is & = 3} 
Write equation (1) in the form Ax+ By=C. 
2x+3y=7-2x 39. (1) 4x+3y=3 
4x+3y=7 (2) x+3y=1 
Eliminate y. Eliminate y. 
2(4x + 3y)=2:7 4x+3y =3 
—3(7x + 2y) =-3-9 -1(x+3y) =-1-1 
8x+6y=14 4x+3y =3 
—21x -6y =-27 -x-3y=-1 
Add the equations. Add the equations. 
—13x =-13 3x=2 
x=1 2 
Replace x in equation (2). x= 3 
Tx+2y=9 © Replace x in equation (2). 
7A) +2y=9 x+3y=1 
7+2y=9 2 
2y=2 ao 3y=1 
y=1 2 
The solution is (1, 1). 3y=1 on 
1 
3y=— 
ee 
el 
9 


The solution is & a} : 
3 9 


41. (1) 3x-4y=1 


43. 


(2) 4x+3y=1 
Eliminate y. 

3(3x —4y) =3-1 
4(4x+3y)=4-1 


9x-12y=3 
6x+12y=4 
Add the equations. 
OX, 
ao 
25 
Replace x in equation (1). 


3x-4y=1 


The solution is (=. -3} 
25 


25 


(lI) 2x-3y=4 
(2) -x+4y=3 
Eliminate x. 
2x—-3y=4 
2(—x + 4y) =2-3 


2x-3y=4 
—2x+8y=6 
Add the equations. 
Sy =10 

y=2 
Replace y in equation (2). 

—x+4y=3 
—-x+4(2)=3 

-x+8=3 
—Kiaimd 


Lian) 
The solution is (5, 2). 


Section 6.3 133 


Applying Concepts 6.3 


45. 


47. 


49. 


(1) x~0.2y =0.2 
10x-2y=2 
(2) 0.2x+0.5y =2.2 
2x+5y =22 
Eliminate y. 
5(10x — 2y) = 5(2) 
2(2x + Sy) = 2(22) 


50x -10y =10 
4x+10y =44 
Add the equations. 
54x =54 
x=1 
Replace x in equation (1). 
10x-2y=2 
10(1)-2y =2 
10-2y=2 
—2y=-8 
ae 
The solution is (1, 4). 


(1) 1.25x-1.Sy =-1.75 
125x —150y = -175 
5x-6y=-7 
(2) 2.5x-1.75y=-1 
250x —175y = -100 
10x-7y =-4 
Eliminate x. 
—2(Sx — 6y) = —2(-7) 
10x-7y=-4 
—10x+12y =14 
10x -7y =-4 
Add the equations. 
Sy =10 
y=2 
Replace y in equation (1). 
5x—6y =-7 
5x — 6(2) =-7 
5x-12=-7 
5x=5 


x=] 
The solution is (1, 2). 


Ax-4y=9 4x+By=-1 

‘A(-1)-4(-3)=9 4(-1) + B(-3) =-1. 
-A+12=9 —4-3B=-1 
-A=-3 3B =3 


A=3 =—|] 
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51. () 3x-2y=-2 
(2). 2x-y=0 
Eliminate y. 
3x—2y=-2 
—2(2x -—y)=-2:0 


3x-2y =-2 
—4x+2y=0 
Add the equations. 
-x=-2 
x=2 
Replace x in equation (2). 
2x-y=0 
2(2)-y=0 
4-y=0 
-y=-4 
y=4 
The solution is (2, 4). 
Ax+y=8 
A(2)+4=8 
2A+4=8 
2A=4 
A=2 


For the system to be independent, the slopes must not be the same. Write each equation in slope-intercept form and 
solve for k. 
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a (7) x+y=7> y=-x+7 
(2) ke+y=3> y=-kx +3 


-1#-k 
1#k  kcannot equal 1. 


b. (1) x+2y=4=9 2y=-44 dae ya—ox42 


(2) ke+3y=2=93y =k $2— y= Sx +S 
WERE 
-—;-— 
ns 
2k #3 


k# = k cannot equal on 
2 eZ 


c. (1) 2xthy=1=pky=-2x+1—9 y= 42 


k 
(2) x+2y=2adya-xt2— y=-oatl 
2eerl 
—— 3 = 
k 2 
k#4 k cannot equal 4. 
Section 6.4 
Concept Review 6.4 


1. Always true 


3. Never true 
The rate of the boat traveling against the current is b — c. The rate of the boat traveling with the current is b +c. 


5. Never true 
The rate of the plane is 100 mph. 


Objective 1 Exercises 


a 


3. 


Strategy 
Rate of the whale in calm water: w 
Rate of the ocean current: c 


Rate Time Distance 


With current wte | 15 |15(w+e) 


Without current | w—c 2 2(w-c) 





The distance traveled in each direction is 60 mi. 


Solution 
1 


1 
1.5(w +c) =60 — 1.5wte)= 
(w +c) Ts 5(w +c) = 60 5 


1 1 
2(w—c)=60 —:2(w-c)=60-— 
(w-c) 5 (w-c) A 

wt+c=40 
w-c=30 
2w=70 
w=35 
wtc=40 
35+c=40 


The rate of the whale in calm water is 35 mph. 
The rate of the ocean current is 5 mph. 


Strategy 
Rate of rowing in calm water: r 
Rate of the current: c 


Rate Time Distance 
With current 2(r + c) 


Against current 2(r—-c) 





The distance traveled with the current is 40 km. 


The distance traveled against the current is 16 km. 


Solution 
2(r+c)=40 5 Ur+e)= 40-5 
1 1 
2(r—c)=16 —-2(r—c)=16-— 
(r—c) 5 (r—c) > 
r+c=20 
r-c=8 
2r = 28 
r=14 
r+c=20 
14+c=20 
c=6 


The rate of rowing in calm water is 14 km/h. 
The rate of the current is 6 km/h. 


Section 6.4 135 


. Strategy 


Rate of the boat in calm water: r 
Rate of the current: c 


Rate Time Distance 


With current 3.5(r+0) 
Against current | 3(r-c) 





The distance traveled with the current is 35 mi. 
The distance traveled against the current is 12 mi. 


Solution 
1 1 
3.5(r +c) =35 — -3.5(r+c) =35-— 
ee 3.5 ae 35 
3(r-—c) =12 —-3(r-—c)=12-— 
(r —c) 3 (r —c) 3 
r+c=10 
r-c=4 
Dra 4 
r=7 
r+c=10 
7+c=10 


The rate of the boat in calm water is 7 mph. 
The rate of the current is 3 mph. 


. Strategy 


Rate of jet in calm air: j 
Rate of wind: r 


Rate Time Distance 


With wind 


Against wind 





The distance flown with the wind is 1120 mi. 
The distance flown against the wind is 980 mi. 


Solution : 
243 +w) =1120 5 Aj+w)=1120-5 
2(j —w) = 980 Wj Ww) = 980 
2 2 
j+w=560 
j-=w=490 
27 =1050 
: i= 525 
j+w=560 
525+ w =560 
w=35 


The rate of the jet in calm air is 525 mph. and the 
rate of the wind is 35 mph. 
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Strategy 
Rate of the plane in calm air: p 
Rate of the wind: w 


Rate Distance 


2(p + w) 


Time 
With wind 


Against wind 


3(p -— w) 





The distance with the wind and against the wind is 
240 mi. 


Solution 
2(p + w) = 240 5 Up+w)=240-> 
3(p—w) = 240 5 Mp—w)=240-2 
p+w=120 
p-w=80 
2p =200 
p=100 
p+w=120 
100+ w=120 
w=20 


The rate of the plane in calm water is 100 mph. 


The rate of the wind is 20 mph. 


11. Strategy 
Rate of the helicopter in calm air: h 
Rate of wind: w ; 
Rate Time 


Distance 


With wind 


Against wind 





The distance traveled in each direction is 
450 mi. 


Solution 
2.5(h — w) = 450 2 xh —-w)= e500 
: ee ; - 
—(h+w) = 450 —-—(h+w) = 450-—= 
3 593 5 
h-—w=180 
h+w=270 
2h = 450 
h=225 
h+w=270 
225+ w=270 
w=45 


The rate of the helicopter in calm air is 225 mph. 
The rate of the wind is 45 mph. 
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Objective 2 Exercises 


13. Strategy 
Cost per copy for a word processing program: x 
Cost per copy for a spreadsheet program: x 


First Shipment 
Number Cost Total Cost 
Word processing 12 x 12x 
Spreadsheet i0 | y 10y 
Second Shipment 
Number Cost Total Cost 
Word processing 5 x 5x 
Spreadsheet 8 y 8y 


The first shipment cost $6190. 
The second shipment cost $3825. 


Solution 
12x+10y=6190 5(12x+10y) =6190(5) 60x + 50y = 30,950 
5x+8y=3825 -12(5x+8y)=3825(-12) -60x-—96y = —45,900 


—46y = -14,950 
y =325 
5x + 8y = 3825 
5x + 8(325) = 3825 
5x + 2600 = 3825 
5x =1225 
x =245 


The cost per copy of a word processing program is $245. 
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Strategy 

Cost per pound of the wheat flour: x 
Cost per pound of the rye flour: y 
First Purchase 


Number Cost Total Cost 
Wheat 12 x 12x | 
Rye 15 y 15y 
Second Purchase 
Number Cost Total Cost 
Wheat 15 x 15x 
Rye 10- | y 10y 


The first purchase cost $18.30. 
The second purchase cost $16.75. 


Solution ; 
12x+15y=18.30  5(12x+15y) =18.30(5) 
15x+10y=16.75 -4(15x+10y) =16.75(-4) 


60x +75y = 91.50 
60x — 40y = -67.00 


35y = 24.50 
y=0.70 
12x +15y =18.30 
12x +15(0.70) = 18.30 
12x +10.50 =18.30 
12x =7.80 
x =0.65 
The cost per pound of the wheat flour is $.65. 
The cost per pound of the rye flour is $.70. 


17. 


Strategy 
Rate for daytime hours: d 
Rate for nighttime hours; n 


First week 
Rate Hours Total Pay 
Daytime 17 17d 
Nighttime 8 8n 
Second Week 
Rate Hours Total Pay 
Daytime — 12 12d 
Nighttime 15 15n 


The first week Shelly earned $191. 
The second week she earned $219. 


Solution 
17d +8n=191 15(17d + 8n) = 191015) 
12d+15n=219 -8(12d+15n) =219(-8) 


255d +120n = 2865 
—96d —120n = -1752 


159d =1113 
d=7 
17d +8n=191 
17(7) +8n =191 
119+8n=191 
8n = 72 


n=9 
Shell earns $7 an hour for daytime hours and $9 
an hour for nighttime hours. 


19. Strategy 


Number of two-point baskets: x 
Number of three-point baskets: y 


First Game 
Point Number Total 
Points 
Two-point baskets 2, x 2x 
Three-point baskets 3 y 3y 
Second Game 
Point Number Total 
Points 
Two-point baskets 2 y 2y 
Three-point baskets} 3 oo 3% 


The score for the first game was 87 points. 
The score for the second game was 93 points. 


Solution 
2x+3y=87 3(2x+3y)=87(3) 
3x+2y=93 -2(3x+2y) =93(-2) 


6x+9y = 261 
—6x —4y = -186 

Sy = 75 

y=15 
2x+3y=87 
2x + 3(15) =87 
2x +45 =87 
2x = 42 
x=21 


The number of two-point baskets is 21. 
The number of three-point baskets is 15. 
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- Strategy 


Number of nickels in the first bank: n 
Number of quarters in the first bank: q 
First Bank 


Number Value Total Value 


Nickels 5 Sn 
Quarters 25 254 
Second Bank 


Number Value Total Value 


2n 5 5(2n) 
q+2 | 25 | 25(q+2) 


The total value of the coins in the first bank is 
$2.90. 3 

The total value of the coins in the second bank is 
$3.80. 


Nickels 


Quarters 





Solution 
5n + 25q = 290 
5(2n) + 25(q + 2) = 380 


5n +25q = 290 
10n + 25q +50 = 380 


5n+25q=290 —1(Sn+25q) =-1(290) 
10n + 25q = 330 10n + 25g = 330 


—5n —25q = —-290 
10n + 25q = 330 
5n = 40 
n=8 
Sn + 25q = 290 
5(8) + 25g = 290 
40 + 25q = 290 
25q = 250 
q=10 


There are 8 nickels and 10 quarters in the first 
bank. 
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23. Strategy 
Number of dimes in the bank: n 
Number of quarters in the bank: ¢ 


Number Value Total Value 
Dimes 10 10d 
Quarters ZS) 254 


Number Value Total Value 
Dimes - 10 10g 
Quarters. - 25 25d 


The total value of the coins is $3.30. _ 
If the quarters were dimes and the dimes were 
quarters, the total value would be $3.00. 


. Solution 


10d +25q=330 5(10d + 25g) = 5(330) 
25d +10g=300 —2(25g +10q) = -2(300) 


50d +125g = 1650 
-50d — 20g = -600 


105g =1050 
q=10 
10d + 25q = 330 
10d + 25(10) = 330 
10d + 250 = 330 
10d = 80 


d=8 
There are 8 dimes and 10 quarters in the bank. 


Applying Concepts 6.4 


25. Strategy 
Smaller angle: a 
Larger angle: c 
The angles a and c are supplementary. 
Angle c is 15° more than twice angle a. 


Solution 
(1) a+c=180 
(2) c=2a+15 
Substitute in equation (1). 
a+(2a+15)=180 
3a+15=180 
3a=165 
a=55 
Substitute in equation (2). 
c=2a+15 
c =2(55)+15 
c=110+15 
c¢=125 ; 
The two supplementary angles are 55° and 125°. 


27. Strategy 
Amount invested at 9%: x 
Amount invested at 8%: y 


Principal Rate Interest 


Amount at 9% 


Amount at 8% 





Principal Rate Interest 
Amount at 9% 


Amount at 8% 





Investing x at 9% and y at 8% yields $860 in 


interest. 

Investing x at 8% and y at 9% yields $840 in 
interest. 

Solution 

0.09x + 0.08y = 860 9x +8y = 86,000 
0.08x + 0.09y = 840 8x + 9y = 84,000 


89x + 8y) = 8(86, 000) 
—9(8x + 9y) = -9(84, 000) 
72x + 64y = 688,000 
—72x —81y =—-756,000 
—-17y =-68,000 
y = 4000 
9x + 8y = 86,000 
9x + 8(4000) = 86,000 
9x + 32,000 = 86,000 
9x = 54,000 
x = 6000 


The amount invested at 9% was $6000. 
The amount invested at 8% was $4000. 
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29. Strategy 
Number of nickels in the bank: n 
Number of dimes in the bank: d 






In the bank 
Number Value Total Value 
Nickels 5 5n 
Dimes 10 10d 
Number Value Total Value 
Nickels 5(2n) 
Dimes 10(2d) 


The value of the nickels and dimes in the bank is $.25. 
If the number of nickels and the number of dimes is doubled, 
the value of the coins would be $.50. 
Solution - 
5n+10d =25 
§(2n) +10(2d) = 50 
5n+10d=25  -2(5n+10d) =—-2(25) 
10n + 20d = 50 10n+20d =50 


—10n — 20d =-50 


10n + 20d =50 
0=0 


This is a true equation. There is more than one solution. 
The numbers of dimes and nickels must be whole numbers. _ 
Substitute 0, 1, and 2 for the number of dimes in the bank. There cannot be 3 dimes, as 3 dimes = $.30 > $.25. 


O dimes: 1 dime: _ 2 dimes: 
5n+10d =25 5n+10d =25 5n+10d =25 
5n+10(0) = 25 $n +10(1) = 25 5n +10(2) =25 
5n+0=25 5n+10=25 5n+20.=25 
Sn =25 5n=15 Sn =5 
n=5 n=3 n=1 
If there are 0 dimes, If there is 1 dime, If there are 2 dimes, 
there are 5 nickels. there are 3 nickels. there is 1 nickel. 


There are 0 dimes and 5 nickels, 1 dime and 3 nickels, or 2 dimes and 1 nickel in the bank. 


Focus on Problem Solving z 
1. abundant 
2. deficient 
3. perfect 
4. abundant 


5. Any prime number is deficient. 
Projects and Group Activities 
Find a pattern 


k+1 
ne —l 
3 +n* +rn* = 





l+ntn2+n 
n-1 
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Solving a System of Equations 
1. (0.009711, -0.56881) 
2. (2.37335, -0.828255) 
3. (3.375, -1.75) 
4. (—4.61538, -6.07692) 
5. 


axtby=c  e(axt+by)=c(e) 
dx+ey=f —b(dx+ey) = f(-b) 


aex + bey =ce 
—bdx — bey = —bf 


aex — bdx = ce — bf 
(ae — bd)x = ce —bf 
me ce—bf 

ae —bd 


ax+by=c 
{= +by=c 
ae—bd 
ace — abf 
ae—bd 
(ae - pa e-Se + ry} = c(ae—-bd) 
ae—bd 
ace — abf + (ae — bd)by = ace — bcd 
(ae — bd)by = ace — bcd — ace + abf 
__abf —bed 
¥* (ae—bd\b 
_ (af —cd)b 
¥* (ae—bd)b 


= Sa ,ae—bd #0 
ae—bd 


+by=c 





Solving a System of Equations with a Graphing 
Calculator 


1. 4x-Sy.=8 5x+7y =7 
—Sy =-4x+8 Ty =-Sx+7 
pean cm PREIS 
5) 5 a 





The solution is (1.7169811, —-0.2264151), 


3x+2y=11 7x -6y =13 
2y=-3x +11 —6y =-7x+13 
See il DANS 
y=-=xt+— =sx-— 


Z 2 6 6 


Intersection 
, LRE2.875. 


—10) 
The solution is (2.875, 1.1875), 





x=3y+2 y=4x-2 
x-2=3y 
pt 
ae | 


Intersection 
8=.36363636 (Y=-.S4S4S45 





The solution is (0.36, — 0.54), 


x=2y-5 
x+5=2y 


x=3y+2 
x-2=3y 
2 





Intersection 
x=-15 


v= 3 
—20 
The solution is (—19, —7), 


Chapter Review Exercises 


1. 


(Ql) 4x+7y=3 
(2) = y—2 
Substitute in equation (1). 
A(y-2)+7y =3 
- 4y-8+7y=3 
lly-8=3 
lly=11 
y=1 
Substitute y in equation (2). 
x=y-2 
x=1-2 
x=-1 
The solution is (-1, 1). 
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7. (1) -2x+y=-4— 











(2) x=ytl 
Substitute in equation (1). 
; —2x+y=-4 
LA | -2(y+l)+y=-4 
The solution is (2, -3). -2y-2+y=-4 
(Il) 3x+8y=-1 es 
(2) x-2y=-5 Soe 
Eliminate y. Add the equations. Replace y in equation (2). 
3x+8y=-1 3x+8y=-1 x=ytl 
- 4(x-2y)=-5(4)  4x-8y =-20 cogten 
x= 
Ix =-21 The solution is (3, 2). 
i 8. (1)  8x-y=25 
Replace x in equation (2). : (2) 32x-4y=100 
x-2y=-5 Eliminate y. 
— -3-2y=-5 —4(8x — y) = -4(25) 
—2y=-2 32x —4y =100 
y=1 
The solution is (—3, 1). -32x+4y =-100 
32x —4y =100 
(1) 8x-y=2 Add the equations. 
(2) -y=S5x+1 0=0 
Substitute in equation (1). The system of equations is dependent. The 
8x -(5x+1)=2 solutions are the ordered pairs that satisfy the 
8x-5x-1=2 equation 8x — y = 25. 
eee 9, (1) 5x-15y=30 
3x =3 
oe (2) _ 2x+b6y=0 
Substitute x in equation (2). Eliminate x. 
y=5x41 2(Sx —15y) = 2(30) 
y= 5(1) +1 —5(2x +.6y) = —5(0) 
y=5+1 
y=6 10x -—30y = 60 
The solution is (1, 6). ae 
Add the equations. 
y —60y = 60 
vat 
Replace y in equation (2). 
2x+6y=0 
| 2x +6(-1) =0 
The solution is (1, 1). 2x-6=0 
2x=6 
(lI)  4x-y=9 . x=3 
(2) 2x+3y=-13 The solution is (3, —1). 
Eliminate y. Add the equations. 10. 
3(4x — y) = 9(3) 12x -3y =27 
2x +3y =-13 2x+3y =-13 
14x =14 
x=1 The solution is (1, -3). 
Replace x in equation (1). 
4x-y=9 
4()-y=9 
4-y=9 
-y=5 
y=3 ; 


The solution is (1, —5). 
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11. 


12. 


13. 


14. 
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(1) 7x-2y=0 
(2) 2x+y=-l1 
Eliminate y. 
7x-2y=0 ; 
2(2x + y) = 2(-11) 


7x-2y=0 
4x+2y = -22 
Add the equations. 
11x =-22 
x=-2 
Replace x in equation (1). 
7x-2y=0 
1(-2)-2y =0 
-14-2y=0 
—2y=14 
y=-7 
The solution is (—2, —7). 


(lj) x-Sy=4 
(2) y=x-4 
Substitute in equation (1). 
x-Sy=4 
x-5(x-4)=4 
x-5x+20=4 
—4x+20=4 
—4x =-16 
x=4 
Replace x in equation (2). 
y=x-4 
y=4-4 
y=0 
The solution is (4, 0). 


Sx+4y=-17 2x-y=1 

5(-1) + 4(-3) | -1 (-1)-(-3) | 1 

—5-12 | -17 —2+3)1 

-17=-17 1=1 

Yes, (-1, —3) is a solution of the system of 
equations. 


(l)  6x+4y=-3 
(2) 12x-10y=-15. 


Eliminate x. Add the equations. 
-2(6x+4y)=-3(-2) -12x-8y=6 


12x-10y=-15 12x-10y =-15 
-18y =-9 
me 
es D 
Replace y in equation (1). 
6x+4y =-3 
6x42) =-3 
2 
' 6x+2=-3 
6x =-5 
ees 
6 


The solution is (-2. $I 
6 2 


15. 


16. 


17. 


18. 


(Ql) Sx+2y=-9 
(2) 12x-7Ty=2 
Eliminate y. Add the equations. 
1(5x +2y) = -9(7) 35x+14y =-63 
2(12x —7Ty) = 2(2) 24x-l4y=4 
59x = -59 
x=-l 


Replace x in equation (1). 


5x+2y=-9 
5(-1)+2y =-9 
-5+2y=-9 
2y=-4 
y=-2 


The solution is (—1, —2). 





The solution is (3, —3). 


(1) 5x+7Ty=21 
(2) 20x+28y =63 


Eliminate x. Add the equations. 
—4(5x+7y)=21(-4) -20x-28y=-84 
20x + 28y = 63 20x + 28y = 63 


0#-21 


The system is inconsistent and has no solution. 


(l) 9x+12y=-1 
(2) x-4y=-1 
Solve equation (2) for x. 
x-4y=-1 
x=4y-1 
Substitute in equation (1). 
9x+12y=-1 
9(4y-1)+12y=-1 
36y-9+12y=-1 
48y-9=-1 
48y=8 
ane 
2 6 
Replace y in equation (2). 
x=4y-1 


The solution is (-3. =}. 
3 6 


19. 


20. 


21. 


22. 





A_| | | 
The system of equations is dependent. The 
solutions are the ordered pairs that satisfy the 
equation y = 2x - 4. 


() 3x+y=-2 
(2) -9x-3y=6 
Eliminate x. Add the equations. 
3(3x + y) = —2(3) 9x+3y =-6 
9x-3y=6 -9x-3y=6 
0=0 


The system is dependent. The solutions are the 
ordered pairs that satisfy the equation 3x + y = —2. 


(Ql) 11lx-2y=4 

(2) 25x-4y=2 

Eliminate y. 

—2(11x —2y) = -2(4) 
25x -—4y =2 


—22x+4y=-8 
25x —4y =2 
Add the equations. 
3x,=-6 
x=-2 
Replace x in equation (1). 
llx-2y=4 
11(-2)-2y =4 
—22-2y=4 
—2y =26 
y=-13 
The solution is (—2, -13). 


(l) 4x+3y=12 
(2) y= ~3x +4 
Substitute in equation (1). 


4x+{—Sx44)=12 


4x—4x+12=12 
12=12 
The system of equations is dependent. The 
solutions are the ordered pairs that satisfy the 


: 4 
equation y= oa +4, 





The solution is (4, 2). 


25. 


26. 
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(1) 2x—y=5 

(2) 10x-5y=20 

Eliminate y. 

—5(2x — y) = —5(5) 
10x —Sy = 20 


—10x+5y =-25 
-10-Sy =20 
Add the equations. 


0#-5. 


The system of equations is inconsistent and has no 
solution. 


(1) 6x+5y=-2 
(2) y=2x-2 
Substitute in equation (1). 
6x+5y=-2 
6x +5(2x —2)=-2 
6x+10x-10=-2 
16x-10=-2 
16x =8 


x=— 
Replace x in equation (2). 
y=2x-2 

s {;) a) 
oe) 
y=1-2 
yest 


The solution is & - 1) 


—x+9y=2 - 6x-4y=12 

—2)+ ) =n 

—(-2)+0 | 2 6(-2)-0 | 12 
2=2 -12#12 


No, (—2, 0) is not a solution to the system of 


equations. 


146 


27. 


28. 


29. 


‘The solution is 3° -7} 


Chapter 6: Systems of Linear Equations 


(1) 6x-18y=7 30. 


(2) 9x+24y=2 
Eliminate x. 

9(6x -18y) = 7(9) 
—6(9x + 24y) = 2(-6) 


54x -162y = 63 
—54x-144y =-12 
Add the equations. 
-306y = 51 
eet 
UeGRG 
Replace y in equation (1). 
6x-18y=7 


6x-19 -) =7 
6 


6x+3=7 
6x =4 


2 
x=> 
3 
Beal 
6 
(1) 12x-9y=18 
4 
2 =—x-3 
(2) ya 


Substitute in equation (1). 32. 


12x-§ $2-3]=18 
3 


12x-12x+27=18 
; - 
The system is inconsistent and has no solution. 


() 9x-y=-3 
(2) 18x-y=0 - 
Solve equation (2) for y. 


(18x-y=0 


18x=y 
Substitute in equation (1). 
9x—-—y=-3 
9x-18x =-3 
-9x=-3 


Replace x in equation (2). 
18x-y=0 


1 
18 —|-y=0 
(5) 4 
6-y=0 
6=y 


The solution is & 6} 


31. 





The solution of equations is inconsistent and has 
no solution. 


(l) 7x-9y=9 
(2) 3x-y=1 
_ Eliminate y. 
7x-9y =9 
_ ~9Bx-y)=-90) 
7x-9y=9 
—27x+9y=-9 
Add the equations. 
-20x =0 
x=0 
Replace x in equation (2). 
3x-y=1 
3(0)- y=1 
0O-y=1 
-y=1 
y=-l 


The solution is (0, —1). 


(1) 7x+3y=-16 

(2) x-2y=5 
Solve equation (2) for x. 
x-2y=5 

x=2y+5 
Substitute in equation (1). 
7x+3y =-16 

H(2y+5)+3y=-16 
14y+35+3y =-16 


17y+35=-16 
17y=-51 
Replace y in equation (2). 
x-2y=5 
x—2(-3)=5 
x+6=5 
x=-l 


The solution is (—1, —3). 


33. 


34. 


35. 


/ 


(l) 5x-3y=6 
(2) x-y=2 
Solve equation (2) for x. 
x-y=2 
x=yt+2 
Substitute in equation (1). 
5x—-3y =6 
5(y + 2)-3y =6 
Sy+10-3y =6 
2y+10=6 
2y=-4 
y=-2 
Replace y in equation (2). 
x-y=2 , 
x—-(-2)=2 
x+2=2 
x=0 
The solution is (0, —2). 


(Ql) =6x+y=12 

(2) 9x+2y=18 

Eliminate y. 

+2(6x + y) = —-2(12) 
9x+2y=18 


-12x-2y=-24 
9x+2y=18 
Add the equations. 
—3x =-6 
x=2 
Replace x in equation (2). 
9x+2y=18 
9(2)+2y =18 
18+2y=18 
2y=0 
y=0 
The solution is (2, 0). 


() 5x+12y=4 
(2) x+6y=8 
Eliminate y. 
5x+12y=4 
—2(x + 6y) = —2(8) 


5x+12y=4 
—2x-12y=-16 
Add the equations. 
3x =-12 
x=-4 
Replace x in equation (2). 
x+6y=8- 
—4+6y=8 
6y=12 
y=2 
The solution is (4, 2). 


36. 


37. 


Chapter Review Exercises 147 


() 6x-y=0 
(2) 7x-y=1 
Solve equation (1) for y. 
6x-y=0 
6x=y 
Substitute in equation (2). 
Tx-y=1 
7x -—6y=1 
e=1 
Replace x in equation (1). 
6x-y=0 
6(1)-y=0 
6-y=0 
6=y 
The solution is (1, 6). 


Strategy 
Rate of the plane in calm air: r 
Rate of the wind: r 


Rate Time Distance 


With wind 





Against wind 
The distance traveled with and against the wind is 
800 mi. 

Solution 
4(r + w) =800 = -4(r+w) ==-800 


5(r —w) = 800 5 5(r—w) ==-800 


r+w=200 

r-w=160 

2r = 360 

r=180 
r+w=200 
180+ w= 200 
w= 20 


The rate of the plane in calm air is 180 mph. 
The rate of the wind is 20 mph. 
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38. 


39. 


Chapter 6: Systems of Linear Equations 


Strategy E 40. 


Number of adult tickets sold: a 
Number of children’s tickets sold: c . 


Number Price Total 
Adult tickets a od, Ta 
Children’s tickets c 5 5c 


A total of 200 tickets were sold. 
The total receipts were $120. 


Solution 
a+c=200 
Ta+5c =1120 


—S(a+c) =—5(200) 
Ja+5c =1120 


—5a—5c = -1000 
Ja+5c =1120 


2a =120 

; a=60 
a+c=200 
60+c = 200 
c=140 


There were 60 adult tickets and 140 children’s 41. 


tickets sold. 


Strategy 
Rate of the canoeist in still water: r 
Rate of the current: c 


Rate Time Distance 


With current 


Against current 





The distance with the current and against the 
current is 30 mi. 


Solution 
3(r+c) =30 Fre) =30-5 
1 1 
S(r-—c)=30 —-S(r—-c) =30-— 
(r-c) 5 (r=) 5 
r+c=10 
r-c=6 
2r=16 
=o 
r+c=10 
8+c=10 
e=2 


The rate of the canoeist in still water is 8 mph. 
The rate of the current is 2 mph. 


Strategy 

Number of advertisements requiring 33¢ postage: 
x 

Number of advertisements requiring 55¢ 

postage: y 

A total number of 190 advertisements were 


~ mailed. 


33¢ - number requiring 33¢ postage 
+ 55¢ - number requiring 55¢ postage 
= total cost 

Total cost was $75.90. 


Solution 
x+y=190 -33(x+y)=190(—33) 
33x+55y=7590 33x+55y=7590 


-33x — 33y = -6270 
33x + 55y = 7590 


22y =1320 
| y= 
x+y=190 
x+60=190 
x=130 


The number of advertisements requiring 33¢ 
postage is 130. 


Strategy 
Rate of the boat in calm water: r 
Rate of the current: c 


Rate Time Distance 


With current 


Against current 





The distance traveled with the current is 48 km. 
The distance traveled against the current is 24 km. 


Solution 


3(r+c)=48 sMrto=5-48 


2(r—c) =24 5 ur-)=5-24 


r+c=16 
r-c=12 
2r =28 
r=14 
r+tc=16. 
14+c=16 
CD, 
The rate the boat in calm water is 14 km/h. 
The rate of the current is 2 km/h. 


42. Strategy 


43. 


Number of $15 discs purchased: x 
Number of $10 discs purchased: y 

The total number of discs purchased is 10. 
$15 - number of $15 discs purchased 

+ $10 - number of $10 discs purchased 

= total spent 


Total spent was $120. 
Solution 
xt+ty=10 -10(x+y)=-10(10) 
15x+10y=120 15x+10y=120 
-10x-10y =-100 
15x +10y =120 
5x=20 
x=4 
x+y=10 
4+y=10 
y=0 


The customer purchased four $15 compact discs 
and six $10 compact discs. 


Rate of the plane in calm air: p 
Rate of the wind: w 


Distance 


Rate Time 


With wind 
Against wind 


The distance traveled with the wind is 420 km. 
The distance traveled against the wind is 440 km. 


Solution 
3(p + w) = 420 530 +W) = 420-5 


4(p—w) = 440 *-A(p-w) = 440-2 


p+w=140 
p-w=110 
2p =250 
p=125 
ptw=140 
125+w=140 
w=15 


The rate of the plane in calm air is 125 km/h. 
The rate of the wind is 15 km/h. 
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- Strategy 


Rate of the boat in calm water: r 
Rate of the current: c 


Rate Time 


Distance 


With current 


Against current 





With the current, the boat traveled 4 mi. 
Against the current, the boat traveled 2 mi. 


Solution 
r+c=4 
r-c=2 


2r=6 
r=3 


r+c=4 
3+c=4 
c=1 
The rate of the boat in calm water is 3 mph. 
The rate of the current is 1 mph. 


. Strategy 
- Number of bushels of lentils: x 


Number of bushels of corn: y 

The number of bushels of lentils plus 50 equals 
twice the number of bushels of corn. 

The number of bushels of corn plus 150 equals the 
number of bushels of lentils. 


Solution 
x+50=2y x-2y=-50 
yt150=x —-x+y=-150 


—y = -200 

y=200 
y+150=x 
200 +150=x 
350 =x 


_ There are 350 bushels of lentils and 200 bushels 


of corn in the silo. 
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46. 


47. 


Chapter 6: Systems of Linear Equations 


Strategy 48. 
Rate of the plane in calm air: p 
Rate of the wind: w 


Rate Time Distance 


With wind 





Against wind 


The distance traveled with the wind and against 
the wind is 360 mi. 
Solution 


3(p + w) = 360 5 Mp +w) = 360-2 
4(p—w)=360 2-4 p-w) =360-— 


p+w=120 
p-w=90 
2p=210 
p=105 
pt+w=120 
105+ w =120 
w=15 


The rate of the plane in calm air is 105 mph. 
The rate of the wind is 15 mph. 


Strategy 49. 


Number of nickels: 7 
Number of dimes: d 


Number Value Total Value 
Nickels Sn 
Dimes 10d 


There are 12 coins in all. 
The total value of the nickels and dimes is 80¢. 


Solution — 
n+d=12 -5(n+d)=-5(12) 
5n+10d=80 5n+10d=80 


-5-—5d =-60 
5n+10d =80 


Sd =20 
d=4 
There are 4 dimes in the coin purse. 


Strategy 
Rate of the plane in calm air: r 
Rate of the wind: w 


Rate Time Distance 


With wind 


Against wind 





The distance traveled with and against the wind is 
2100 mi. 


Solution 
6(r + w) = 2100 = 6(r+w) = 22100 
1(r—w) = 2100 = Tr=w) = =-2100 
r+w=350 
r-—w=300 
2r = 650 
r=325 
r+w=350 
325+w =350 
w=25 


The rate of the plane in calm air is 325 mph. 
The rate of the wind is 25 mph. 


Strategy 
Number of shares at $6 per share: x 
Number of shares at $25 per share: y 


The total number of shares is 1500. 


$6 - number of $6 shares 

+ $25 - number of $25 shares 
= total cost 

Total cost is $12,800. 


Solution 
x+y=1500 —6(x + y) = 1500(-6) 
6x+25y=12,800 6x+25y=12,800 


—6x —6y = -9000 
6x + 25y =12,800 
19y = 3800 
y=200 
x+y=1500 
x +200 =1500 
x =1300 


The number of $6 shares purchased is 1300. 
The number of $25 shares purchased is 200. 


50. Strategy 3. 


Rate of the sculling team in calm water: r 
Rate of the current: c 


- Rate Time Distance 


With current 


Against current 





The distance with the current is 24 mi. 
The distance against the current is 18 mi. 


Solution 

1 1 
Ar+c)=24 ~-2(rt+c)=24-— 
(r+c) 2 (r+c) 2 
3r—c)=18 —-3(r—c)=18-— 
(r —c) 3 eC) 3 


r+c=12 | 
r-c=6 


2r=18 
r=9 
r+c=12 


9+c=12 5. 


c=3 
The rate of the sculling team in calm water is 
9 mph. 
The rate of the current is 3 mph. 


Chapter Test 


1. 


(l) 4x-y=11 
(2) y=2x-5 


Substitute in equation (1), 
4x -(2x-5)=11 
4x-2x+5=11 
2x+5=11 
2%=6 


Substitute ee ae (2). 

y=2x-5 

y=2(3)-5 

y=6-5 

y=l1 

The solution is (3, 1). 6 
(Ql) 4x+3y=11 

(2) 5x-3y=7 


Add the equations. 
9x =18 


x=2 ie 


Replace x in equation (1). 
4x+3y=11 
4(2)+3y=11 
8+3y=11 
3y =3 
y=l 
The solution is (2, 1). 
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2x+5y=11 x+3y=7 
2(—2) + 5(3) | Il (=2)+36)|7 
—4+15 | 11 z 
11=11 eae 
Yes, (—2, 3) is a solution. 


(1) x=2y+3 
(2) 3x-2y=5 


Substitute in equation (2). 
3x—2y=5 
3(2y +3) -2y=5 
6y+9-2y=5 
4y+9=5 
4y=-4 
y=-l 
Replace y in equation (1). 
x=2y+3 
x=2(-1)+3 
x=-2+3 
x=1 
The solution is (1, —1). 


(l) 2x-Sy=6 

(2) 4x+3y=-1 

Eliminate x. 

—2(2x —5y) = 6(-2) 
4x+3y=-1 


—4x+10y=-12 
4x+3y=-1 
Add the equations. 
13y =-13 
y=-l 
Replace y in equation (1). 
2x-Sy =6 
2x —5(-1) =6 
2x+5=6 
2x=1 


x=— 


The solution is (>. -1} 





(l) 4x+2y=3 
(2) y=-2x+1 


Substitute in equation (1), 
4x+2y=3 
4x+2(-2x+1)=3 
4x-4x+2=3 
243 
The system of equations is inconsistent and has no 
solution. 
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8. 


9. 


Chapter 6: Systems of Linear Equations 


(1) 3x+5y=1 
(2) 2x-y=5 


Solve equation (2) for y. 
2x-y=5 
—y=-2x+5 
y=2x—-5 
Substitute in equation (1). 
3x+S5y=1 
3x +5(2x -5)=1 
3x+10x-25=1 
13x-25=1 
13x = 26 


5337 
Substitute x in equation (2). 


2x-y=5 
2(2)-y=5 
4-y=5 


The solution is (2, —-1). 


(1) 7x+3y=11 
(2) 2x-Sy=9 


Eliminate y. 
5(7x + 3y) = 11(5) 
3(2x - Sy) = 9(3) 
Add the equations. 
35x +15y =55 

6x —15y =27 


41x =82 


x=2 

Replace x in equation (1). 
7x+3y=11 
7(2)+3y =11 
144+3y=11 
3y =-3 
y=-l 

The solution is (2, —1). 


10. 


11. 


12. 


(1) 3x-Sy=13 
(2) x+3y=1 


Solve equation (2) for x. 
x+3y=1 
x=-3y+l 
Substitute in equation (1). 
3x —Sy =13 
3(-3y +1) —S5y =13 
-9y+3-Sy=13 
-14y+3=13 
-14y=10 
5 
oe. 
Substitute y in equation (2). 
x+3y=1 . 


The solution is (2. - 5} 
q dl 

(lj) 5x+6y=-7 

(2) 3x+4y=-5 


Eliminate x. 
3(5x + 6y) = —7(3) 
—5(3x + 4y) = —5(-5) 
Add the equations. 
15x+18y =-21 
—15x -—20y =25 


—2y=4 
y=-2 
Replace y in equation (1). 
5x +6y =-7 
5x +6(-2) =-7 
5x-12=-7 
t=) 


x=1 
The solution is (1, —2). 
3x-2y=8 4x+5y=3 
ek 4(2)+5(1) | 3 
6-2|8 8+5]3 
4#8 13 #3 


No, (2, 1) is not a solution to the system of 
equations. 


Chapter Test 153 








13. (1) 3x-y=5 17. (1) 5x+4y=7 
(2) y=2x-3 (2) 3x-2y=13 
Substitute in equation (1). Eliminate y. 
3x-y=5 5x+4y=7 
. 3x-(2x-3)=5 ; 2(3x —2y) = 2(13) 
3x—2x+3=5 
x+3=5 5x+4y=7 
BEE borne bats: 6x—4y = 26 
Substitute x in equation (2). Add the equations. 
y=2x-3 11x =33 
y =2(2)-3 y23-. 
y=4-3 Replace x in equation (2). 
y=1 3x -—2y =13 
The solution is (2, 1). 3(3) -2y =13 
14. (1) 3x+2y=2 rapes 
(2) 5x-2y=14 am 
Add the equations. ee ess hace 
8x =16 18. 
x=2 
Substitute x in equation (1). 
3x+2y=2 
3(2)+2y =2 
6+2y=2 The system of equations is dependent. The 
2y=—-4 ; solutions are the ordered pairs that satisfy the 
y=-2 : 191 
The solution is (2, -2). equanOn hy aa 
19. (1) 4x-3y=1 
(2) 2x+y=3 
Solve equation (2) for y. 
Ly, 2x+y=3 
The solution is (2, 0). y=3-2x 
1a Slay a a aa (1). 
ee 4x-33-2x)=1 
Substitute in equation (2). 4x—-9+6x=1 
i 10x-9=1 
2x +5Sy =13 10x =10 
2(3y +1) + 5y =13 oo 
(6y+2)+5y =13 Substitute x in equation (2). 
lly+2=13 2x+y=3 
liyett no debe 
8; 211) + y=3 
Beal at 2+y=3 
Substitute in equation (1). yet 
x=3y+l The solution is (1, 1). 
x=) +1 
x=3+1 
x=4 


The solution is (4, 1). 
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20. 


21. 


22. 


Chapter 6: Systems of Linear Equations 


(Ql) 5x-3y=29 
(2) 4x+7y=-5 
Eliminate y. 


7(5x —3y) = 7(29) 
3(4x + Ty) = 3(-5) 


35x —21y = 203 
12x+2ly=-15 
Add the equations. 

47x =188 
ie. 
Replace x in equation (2). 
4x+7Ty=-5 
4(4)+7y =-S5 
16+7y=-5 
Ty =-21 
y=-3 


The solution is (4, -3). 


(1) 3x-Sy=-23 
(2) x+2y=-4 
Solve equation (2) for x. 
x+2y=-4 
x=-2y-4 
Substitute in equation (1). 
3x -—Sy = -23 
3(-2y — 4) -Sy = -23 
—6y -12—Sy = -23 
_-12-1ly =-23 
-lly=-11 
y=l 


Substitute y in equation (2). 


x=-2y-4 

x= -2(1)-4 
x=-2-4 

x=-6 

The solution is (-6, 1). 


(1) 9x-2y=17 
(2) 5x+3y=-7 


Eliminate y. 
3(9x —2y) = 3(17) 
2(5x + 3y) = 2(-7) 


27x -6y=51 
10x+6y=-14 
Add the equations. 
Bix = 
i 
Replace x in equation (2). 
5x+3y=-7 
5(1)+3y =-7 
5$+3y=-7 
3y=-12 
y=-4 


The solution is (1, —4). 


_ With wind 


. Strategy 


Rate of the plane in calm air: p 
Rate of the wind: w 


Rate Time Distance 


Against wind 





The distance traveled with the wind is 240 mi. 
The distance traveled against the wind is 240 mi. 


Solution 
; ; 1 
2(p + w) = 240 5 Up+w) = 240-5 


3(p— w) = 240 £-3(p-w) = 240-5 


pt+w=120 

p-w=80 

2p =200 

p=100 
pt+w=120 
100+ w=120 
w=20 


The rate of the plane in calm air is 100 mph. 
The rate of the wind is 20 mph. 


Strategy 
Rate of the boat in calm water: r 
Rate of the current: c 


Rate Time Distance 


With current 


Against current 





The distance traveled with the current is 48 mi. 
The distance traveled against the current is 48 mi. 


Solution 
3(r+c)=48 sree =7-48 


A(r—c)=48 7M —c)= 2-48 


4 
r+c=16 
r-c=12 
2r=28 
r=14 
r+c=16 
14+c=16 
e=2 


The rate of the boat in calm water is 14 mph. 
The rate of the current is 2 mph. 


25. The number of nickels in the first bank: x 
The number of dimes in the first bank: y 
First Bank 


Number Value Total Value 





Nickels 
Dimes 
Second Bank 
Number Value Total Value 
Nickels S(x— 10) 
Dimes 





The total value of the coins in the first bank is 
$5.50. 

The total value of the coins in the second bank is’ 
$3.00. 


Solution 
5x+10y=550 5x+10y=550 


5(x-10)+5y=300 5x+5y=350 


5x +10y =550 
—5x — Sy = -350 
Sy = 200 
y=40 
Sx +5y =350 ; 
5x + 5(40) = 350 
$x + 200 = 350 
5x =150 
x=30 


There are 30 nickels and 40 dimes in the first 
bank.. 


Cumulative Review Exercises 


1, -8<-4 tre 
—-4<-4 tre 
O0<-4 false 
-8 and —4 are less than or equal to -4. 


2. {1,2,354.5,6;7, 8, 9710} 


3. 12-2(7-5)? +4=12-2(2)7 +4 
=12-2(4)+4 
=12-(-8)+4 
=12-2 
=10 

4. 2[5a-3(2-5a)-8] = 2[5a-6+15a-8] 


= 2[20a-14] 
= 40a-28 


Cumulative Review Exercises = 155 


a = b2 = 42 =(-2)" 





5. = 
2a 2(4) 
= i6=6 
8 
_2 
8 
me) 
2 
6. aoe 
4 8 
-4(-3 )--(2) 
QM al 3\8 
3 
x=-— 
2 


The solution is ->. 


7. 4-3(2-3x)=7x-9 
4-64+9x=7x-9 


—2+9x=7x-9 
~2 OR k— 19 
2 ee 
—2+2+2x=-9+2 
2x=-7 
Zi al 
eee 
7 
x=-— 


oe ae: 
The solution is a 


3[2 —4(x +1))]=6x-2 
3[2 —4x-—4]=6x-2 
3[-2 - 4x] = 6x -2 





—6-12x =6x-2 
—6-12x-6x =6x-6x-2 
—6-18x =-2 
—-6+6-18x =-2+6 
-18x=4 
~18x_ Ae 
-18 -18 
2 
x=-— 
9 


The solution is ao. 


9. -7x-5>4x+50 
-7x-4x-5>4x-4x+50 
-11x-5>50 
-1llx-5+5>50+5 
-lilx>55 
-llx . 55 
KS 
-11. -ll 
x<-5 
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10. 


11. 


12. 


13. 


14. 


15. 


16. 


17. 
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5+2(x+1)<13 
$+2x+2<13 
2x+7<13 
2x+7-7813-7 
2x <6 
2x56 


cera 


a. 
x33 


PB=A 
P(50) = 12 
50P _ 12 


~ 50 50 
P=0.24 
12 is 24% of 50. 
x-intercept: y-intercept: 
3x -6y =12 “3x-6y=12 
3x — 6(0) =12 3(0) —6y =12 
3x =12 —6y.=12 
x=4 y=-2 


(4,0) (0, -2) 


(x1, yy) = (2, —3), (x2, y2) = (-3,4) 
Dee Oe leaks 
X72 -%X —3-2 -5 5 


The slope is -2. 


3 
m ee (x1, y) =(-2, 3) 


Y—y = m(x— x) 
y-3=-S[x-(-2)] 


3 
=3=——(x+2 
y pe ) 
3 
Oe a! 
y ae 
eae 
4 2 


18. 


19. 


20. 


21. 


22. 








The domain is {—5, 0, 1, 5}. 
The range is {5}. 


No two ordered pairs have the same first 
component. The relation is a function. 


f(x) =-2x-5 
f(-4) =-2(-4)-5 
f(-4) =8-5 
f(-4) =3 
The value of f(-4) is 3. 


5x -—3y=10 4x+7Ty=8 
5(2) —3(0) | 10 4(2) + 7(0) | 8 
10-0] 10 8+0|8 
10=10 8=8 

Yes, (2, 0) is a solution of the system. 


() 2x-3y=-7 
(2) x+4y=2 


Solve equation (2) for x. 
x+4y=2 
x=—4y+2 
Replace x in equation (1). 
2x—3y=-7 
2(2-—4y) -3y =-7 
4-8y-3y=-7 
4-lly=-7 
-lly=-11 
an eel 
Substitute y in equation (2). 
x+4y=2 
x+4(1)=2 
x+4=2 
x=-2 
The solution is (—2, 1). 


INE TT 

|_TSSXo. 2); 

Lt ASA 
Lol\ 


Cumulative Review Exercises 


24. (1) 5x-2y=8 


25. 


26. 


27. 


(2) 4x+3y=11 


Eliminate y. 
3(5x — 2y) = 3(8) 
2(4x + 3y) = 2(11) 


15x -6y = 24 
8x +6y =22 
Add the equations. 
23x = 46 
x=2 
Substitute x in equation (2). 
4x+3y=11 
4(2)+3y=11 
8+3y=11 
3y =3 
y=1 
The solution is (2, 1). 


f(x) =5x-2 
S(-4) = 5(-4) -2 = -20-2 = -22 
f(-2) = 5(—2) -2 =-10-2 =-12 

f(0) =5(0)-2=0-2=-2 

Ff (2) =5(2)-2 =10-2=8 

F(4) =5(4)-2 = 20-2=18 
The range is {-22, -12, —2, 8, 18}. 


Strategy 
To find the number of cameras produced, replace each of the variables by its given value and solve for N. 


Solution 
T=U-N+F 

21,500 = 90N +3500 
21,500 — 3500 = 90N +3500 — 3500 

18,000 = 90N 

18,000 _ 90N 

90 90 
200 = N 

200 cameras were produced. 





Strategy 
Amount invested at 9.6%: x . 
Amount invested at 7.2%: 8750 — x 


Principal Rate Interest 


Amount at 9.6% x 0.096 0.096(x) 
Amount at 7.2% |8750-—x | 0.072 | 0.072(8750 — x) 





Both investments earn the same annual interest. 


_ Solution 


0.096x = 0.072(8750 — x) 
0.096x = 630 — 0.072x 
0.168x = 630 
x =3750 
8750 — x = 8750 —3750 = 5000 


_The amount invested at 9.6% is $3750. 


The amount invested at 7.2% is $5000. 
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28. 


29. 


Chapter 6: Systems of Linear Equations 


Strategy 
Rate of the plane: p 
Rate of the wind: w 


Rate Time Distance 


With wind 


Against wind 





The distance traveling with the wind is 570 miles. 
The distance traveling against the wind is 390 miles. 


Solution 
3(p + w) = 570 
3(p - w) = 390 


1 1 
—-3(p+w) =570-— 
3 (p+w)=5 3 


1 1 
—-3(p—w) = 390-— 
3 (p-w) 3 


p+w=190 
p-w=130 


2p = 320 
p=160 


pt+w=190 
160+ w=190 
w=30 
The rate of the plane is 160 mph. The rate of the 
wind is 30 mph. 


Rate of the boat in calm water: r 
Rate of the current: c 


Rate Time Distance 


With current 





Against current 


The distance traveled with the current is 24 mi. 
The distance traveled against the current is 24 mi. 


Solution 


1 1 
Ar+e)=24 —-Ar+c)=—-24 
(r+c) 5 (r+c) 5 


3(r—c)=24 5 Xr=0)= 5 (24) 


r+c=12 
r-c=8 


2r=20 
r=10 
The rate of the boat in calm water is 10 mph. 
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30. Strategy 
Number of nickels in the first bank: n 
Number of dimes in the first bank: d 


First Bank 
: Number Value Total Value’ 
Nickels 5 Sn 
Dimes 10 10d 
Second Bank 
Number Value Total Value 
Nickels 5(n — 15) 
Dimes 





The total value of the coins in the first bank is $5.25. 
The total value of the coins in the second bank is $2.50. 


Solution 
5n+10d = 525 
5(n—15)+5d = 250 


Sn +10d = 525 
5n—75 + 5d = 250 


5n+10d=525  5n+10d =525 
5n+5d=325 —1(5n+5d) =-1(325) 


5n+10d = 525 
-5n—5d = -325 


5d = 200 
d=40 
There are 40 dimes in the first bank. 


Chapter 7: Polynomials 


Section 7.1 


Concept Review 7.1 


1. 
35 


5. 


Always true 


Never true 


The degree of the polynomial 7x? —9x+1 is 2. 


Always true 


Objective 1 Exercises 


1. 
3 
5. 
7 
9 
11. 
13. 
15. 
17. 
19. 
21. 
23. 


25. 


binomial 


. monomial 


No 


. Yes 
. Yes 


x? +7x 
-3x? -4x 
-2x? +3x 


y? +4y 
—4y-8 
2 ; 
y -8 


2x* +6x+12 
3x7 + x+ 8 
5x7 +7x+20 


x -7Tx+ 4 
2x7 + x-10 
x’ +2x° —6x- 6 


2a3 = Ta+1 
3a? - dati 
2a* -3a? -1la+2 


(4x? +2x) +(x? +6x) 
= (4x? +x”)+(2x+6x) 
= 5x7 +8x 


(4x? —5xy) + (3x? + 6xy—4y”) 
= (4x? + 3x) +(—Sxy + 6xy)-4y” 
= 7x? + xy- 4y? 


(2a* -7a+10)+(a? +4a+7) 
= (2a? +a”)+(-7a+4a)+(10+7) 
=3a* -3a+17 


27. (5x3 +7x-7)+ (10x? —8x +3) 
= 5x3 +10x? +(7x—8x) + (-7 +3) 
= 5x? +10x* -x-4 


29. (2r2 -5r+7)+(r? —6r) 
= 37? +2r? +(-5r—-6r) +7 
=3r? +2r? -11r+7 


31. (3x? +7x +10) +(-2x? +3x+1) 
= —2x? +3x? + (7x +3x)+(10+1) 
= 2x3 +3x? +10x +11 


Objective 2 Exercises 
33. x? - 6x x2 = 6x 
(x7 -10x)  -x? +10x 
4x 
35. 2y?-4y 2y* —4y 
+4-y> +2 y?. -2 
By? -—4y-2 
37. x? -2x+1 x? -2x+1 
~(x? +5x+8) =x? —54—=$ 
-7x-7 
39. 4x3 45x42 94x? +5x+2 
~(-3x? +2x+1) 3x° —-2x-1 


4x? +3x7 +3x41 


41. 2y> +6y-2 2y> +6 y-2 
-~yr+y? +4) - y-y? 4 
y?-y* +6y-6 


43. (y? -10xy) —(2y” +3xy) 
=(y? -10xy) + (-2y? —3xy) 
=-y? -13xy 


45. (3x2 +x—3)—(x? +4x-2) 
= (3x? +x—3)+(-x? —4x42) 
= 2x? -3x-1 


AT. (-2x3 +x-1)-(-x? +x-3) 
= (-2x3 +.x-1) +(x? -x+3) 
=-2x3 +x7 +42 


49. (4a? -2a+1)-(a? -2a+3) 
= (4a? —2a +1) +(-a? +2a-3) 
= 3a? -2 


51. (4y? -y-1)-(2y* -3y +3) 
= (4y? — y—1)+(-2y? +3y-3) 
=4y> -2y?42y-4 


Applying Concepts 7.1 


53. (Fa? + 50-3) -(F0? F044) 
3 2. 4 3 2 eee 


55. (-x? +2x+1)-(3x? —4x—-2) 
= (—x? +2x+1)+(-3x? +4x +2) 
=—4x? +6x43 


57. (6x2 —4x-2)-(2x? +2x-5) 
= (6x? —4x—2)+(—-2x? -2x +5) 
= 4x7 6x43 


59. Yes, it is possible to subtract two polynomials, 
each of degree 3, and have the difference be a 
polynomial of degree 2. One example to show 


this is (3x? —2x? +3x—4)-(3x? +4x? -6x+5) 
=-6x? +9x-9 


Section 7.2 
Concept Review 7.2 


1. Never true 
6x is the base and 4 is the exponent. 


3. Always true 


5. Never true 
(4x3 >)? = 42(x7)?(y>)? =16x%y!9 
Objective 1 Exercises 
3. (x)(2x) =2(x-x) = 2x? 
5. (3x)(4x) = (3-4)(x-x) = 12x? 
7. (-2a3)(-3a*) =[(-2)(-3)(a? -a*) = 6a’ 
9. (xyay4) = (x? -x\y-y*)=2°y? 


11... (-2x4)(5x5y) =[(-2)(5)12* -x5)) 
=-10x°y 


13. (x2y*)(x5y4) = (x? -x°y* -y*) = x78 


15. (2xy)(-3xy*) =[2(-3)x-x?(y-y*) 
=-6x3y° 


17. (x2yz)(x2y*) = (x2 -x?)(y-y*)(2) 
= xyz 
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19. (a*b*)(ab2c*) = (a? -a)(b3 -b?)(c4) 
= abrc* 


21. (-ab*)(a3b®) = -(a? -a?)(b? -b®) = -a>b® 
23. (-6a?)(a2b) =(6)(a? -a2)(b) = -6a5b 


25. (—Sy*z)(-B8y®z>) =[(-5)(-8)(y* - y®)(z-2>) 
= 40y!0,6 


27. (10ab?)(-2ab) =[10(-2)](a-a)(b? -b) = -20a2b? 


29. (xy?z)(x2y(z2y2) = (xx? Wy? -y-y? zz?) 
= x3y5z3 


31. (4ab)(-3a2b*)(a>b*) 
=[4(-3)](a? -a? -a>)(b-b* -b?) 
=-12a'°p’ 


Objective 2 Exercises 
33. (27)? =2° =64 
35. (-2)? =4 
37. (-27)> =(-4)? =-64 
39. (x3) =x? 
41. (x7)* =x!4 
43. (-x?)? =x* 
45. (2x) =2?.x? = 4? 
47. (-2x?)3 =(-2)?-x® =-8x° 
49. (x2y3)? = x4y6 
§1. (3x y)? =32x4y? =9x4y? 
53. (a*)(3a*)? =(a?)(3)?a® = 27(a? -a°) = 270° 


55. (-2x)(2x?)? =(-2x)(2)*x® 
=[(-2)(4)(x-x°) 
=-8x! 


57. (x?y)(x?y)? =(xy)x®y? 
= (x? -x®\y-y?) 
= mys 
59. (ab”)*(ab)* =(a*b*)(a2b?) 
= (a? -a*)(b4 -b*) 
= gp 
61. (-2x)(-2x3y)? =(-2x)(-2)? x? y? 


= [(-2)(-8)(x- x? )y? 
=16x!°y? 
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63. 


65. 


67. 


69. 
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(-2x)(-3xy?)? = (-2x)(-3)? x74 
=[(-2)(9)(x-x”)y* 
=-18x7 y4 


(ab*)(-2a2b)? = (ab*)(-2)?.a°b? 
= -8(a-a°)(b? -b>) 
= -8a' b> 


(-2a3)(3a2b)? = (-2a*)(3)?a°b? 
=[(-2)(27)\(a? -a®)b? 
=-54a°b? 

(-3ab)? (-2ab)> = (-3)?a?b?(-2)3.a*b? 

=[9(-8)](a? -a3)(b? -b) 
=-72a°b> 


Applying Concepts 7.2 


71. 


73. 


75. 


77. 


79. 


81. 


83. 


85. 
87. 


89. 


91. 


(6x)(2x2) + (4x2)(5x) =12x3 +20x? 
_ 32x? : 


(3a7b?)(2ab) - (9ab*)(a2b) = (6a°b*) —(9a>b?) 
= -3a3p3 


(Sxy?)(3x*y”) - (2x7 y)(x7y4) 
= (15x>y°)-(2x>y°) 
=13x° y 


4a? (2ab)* — 5b? (a>b) = (4a)(8a>b*) - (Sa°b?) 
= (32a°b?) -(5a°b?) 
=27a°b? 


-2xy(x? yy? — 3x9 (xy)? 

= —2xy(x® y*) - 3x9 (x?y*) 
= (-2x7y*)-@Gx7y') 
=-5x/y4 
a” -q"™ =q"t" 


= a2" 


( a2 " = az” 
= an 

True. 
False. 
(x2)5 = x25 = x0 
(23)? = 932 = 76 =64 

GPa o= 
2» ’ =27 =512. The results are not the same. 

2 

22's (22) 
If n is a positive integer and x” = y”, then x does 
not have to equal y, though sometimes it does 


equal y. For example, 24 = le but 2 4-2. 
x = y when 7 is odd. 


Section 7.3 


Concept Review 7.3 


1. 
3. 


Always true 


Sometimes true 

x” +2 is a binomial of degree 2; x? -8 isa 
binomial of degree 3. 

Always true 


Sometimes true 
The FOIL method is used to multiply two 
binomials. 


Objective 1 Exercises 


1. 


3. 


5. 


7. 


9. 


11. 


13. 


15. 


17. 


19. 


21. 


23. 


25. 


27. 


29. 


x(x-2) =x? —2x 

—x(x +7)= ads 

3a? (a -2) = 3a? — 6a 

—5x2(x? -x)= 5x4 +5x3 

-x3(3x? -7) =-3x5 + 7x3 

2x(6x? —3x) = 12x - 6x? 

(2x — 4)(3x) = 6x” -12x 

—x(x? - y*) =-x3 y+? 

x(2x? —3x+2)= 2x4 —3x? +2x 
-a(-2a? -3a-2) = 2a? +3a? +2a 
x2(3x4 —3x? —2) = 3x6 —3x4 —2x? 
2y?(-3y? -6y +7) =—by4 -12y? +14y? 
(a? +3a—4)(-2a) = -2a? - 6a? +8a 
-3y?(-2y? +y-2)= 6y* - 3y? + 6y? 


xy(x? —3xy+y") = xey—3x7y? +xy? 


Objective 2 Exercises 


31. 


33. 


x? +3x4+2 
x x+l1 

x7 43x42 
x3 43x? +2x 
x2 +4x7 45x42 


a’ - 3a+ 4 

x a- 3 

-3a? + 9a-12 
a> -3a*+ 4a 


‘@ =6a* +13a-12 


35. 


-2b* — 3b+ 4 





57. 
x b- 5 
10b? +15b-20 
-2b3 -3b2 + 4b : 
-2b3 + 7b? +19b-20 
2 61. 
37. 2x" + Tx—,.2 
x 3x- 5 
10x? —35x+10 63. 
~6x? + 21x? - 6x 
3 il 
6x? +31x” -—41x+10 és 
39. x ESE) 
x wad 67. 
-4x3 +12x-8 
x4 —3x7 + 2x 
x* —4x3 —3x? +14x-8 69. 
41. 5y* + 8y— 2 
x 3y- 8 71. 
—40y? -64y +16 
15y? +24y? - 6y 73. 
15y? -16y” —70y +16 
43. 5a? -15a+2 75. 
x a-4 
-20a? +60a-8 
5a4 -15a2 + 2a 77. 
5a* - 20a? - 15a” +62a-8 
79, 
45. y> +2y? -3y41 
x yt+2 
2y? +4y? —6y+2 81. 
y* +2y3-3y* + y 
4 3 Pr 
y +4y? + y° -—Sy+2 
Objective 3 Exercises 83. 
47. (xt+1\(x+3)=x7 +3x4+x43 
=x7 44x43 85. 
49. (a-3)(a+4) =a? +4a-3a-12 
=a’ +a-12 87. 
51. (y+3)(y-8)=y* -8y+3y—24 
= y* -5y-24 
53. (y-7)\(y-3) = y* -3y-7y+21 89. 
2 
= y? -10y+21 
yg 1? 91. 
55. (2x+1)\(x+7)=2x* +14x4+x4+7 a 
= 2x7 +15x+7 
95. 
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(3x-1)(x +4) =3x? +12x-x-4 
=3x? +11x-4 


(4x -3)(x-7) = 4x? -28x-3x+21 
= 4,2 -—31x+21 


(3y -8)(y + 2) = 3y? + 6y—-8y-16 
= 3y” —2y-16 


(3x-+7)(3x+11) = 9x2 433x421 +77 
= 9x7 +54x+77 


(7a~16)(3a—5) = 21a” —35a—48a +80 
= 21a” -83a+80 


(3b + 13)(5b — 6) = 15b? — 18b + 65b-78 
=15b? +47b-78 


(2a + b)(a +3b) = 2a” + 6ab + ab +3b7 
= 2a? +7ab + 3b” 


(2a—b)(3a+ 2b) = 6a? + 4ab —3ab -2b2 
= 6a? +ab—2b? 
(2x + y)(x-2y) = 2x? —4xy+xy- 2y? 
=2x? —3xy-2y? 


(2x +3y)(5x + 7y) = 10x? +14xy + 15xy +21y” 
=10x? + 29xy +21y? 


(3a —2b)(2a—7b) = 6a” —21ab — 4ab +14b2 
= 6a? -25ab+14b2 


(a—-9b)(2a + 7b) = 2a? + 7ab—18ab — 63b2 
= 2a? -1lab-63b7 

(10a -3b)(10a—7b) 

= 100a” — 70ab —30ab + 21b? 

= 100a? -100ab +21b” 


(5x +12y)(3x + 4y) = 15x? + 20xy + 36xy + 48y” 
= 15x? + 56xy + 48y” 


(2x -15y)(7x + 4y) = 14x2 + 8xy -105xy — 60y? 
=14x? -97xy-60y 


(8x —3y)(7x — Sy) = 56x” — 40xy - 21 xy + 15y” 
= 56x” -61xy +15y” 


Objective 4 Exercises 


(y-5)(y +5) = y? -25 
(2x +3)(2x-3) = 4x? -9 
(x+1)* =x? +2x41 


(3a-5)* =9a* -30a+25 
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97. 
99. 
101. 
103. 


105. 


Chapter 7: Polynomials 


(3x-7)(3x +7) = 9x? -—49 
(2a+ b)* = 4a? +4ab +b? 
(x-2y)? =x? -4xy+4y? 
(4-3y)(4+3y) =16-9y* 


(5x +2y)* =25x? +20xy + 4y” 


Objective 5 Exercises 


107. 


109. 


111. 


Strategy 

To find the area, replace the variables L and W in 
the equation A = L- Wby the given values and 
solve for A. 

Solution 

A=L-W 

A=(5x)(2x-7) 

A=10x? ~35x 

The area is (10x? —35x) ft. 

Strategy 

To find the area, replace the variables L and W in 
the equation A = L - Wby the given values and 
solve for A. W=3x +1, and L=2W. 

Solution 

A=L-W 

A=2W-W=2w? 

A=2(x+1)? 

A=2(9x? +6x+1) 

A=18x? +12x+2 

The area is (18x? +12x +2) in?. 

Strategy 

To find the area, replace the variable s in the 
equation A= s? by the given value and solve 
for A. 

Solution 

A=s?* 

A=(2x+1)* 

A=4x7 44x41 

The area is (4x? +4x+1) km?. 


113. 


115. 


117. 


Strategy 
To find the area, replace the variables b.and h in 


the equation A = sh by the given values and 


solve for A. 
Solution 


1 
A=—bh 
2 


A= = (4a2x +5) 
A=2x(2x +5) 

A=4x? +10x 

The area is (4x2 +10x) m. 


Strategy 
To find the area, replace the variable r in the 


equation A= tr? by the given value and solve 
for A. 


Solution 


A=nr- 


A=n(x+4)" 

A=1(x? +8x +16) 

A=nx? +8nx +16 

The area is (nr? +8nx+16n) cm?. 


Strategy 


Use the equation A= s* to find the area of the 
square. 

Use the equation A = L - W to find the area of each 
of the base paths. 

Add the areas. 


Solution 


A=s* =452 =2025 
A=L-W=45-x =45x 

Total area = 2025 + 45x + 45x 
Total area = 90x + 2025 ~ 


The total area is (90x + 2025) ft?. 
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Applying Concepts 7.3 
119. (a+b) -(a—b)? = (a? + 2ab +b?) —(a? -2ab +b?) = (a2 +2ab +b”) +(-a? + 2ab—b?) = 4ab 
121. (3a? -4a+2)? =(9a* -12a3 + 6a2)+(-12a? +16a? 8a) + (622 —8a+ 4) =9a* - 24a) + 28a? -16a+4 


123, 3x?(2x? + 4x-1)-6x3(x? -2) = (6x5 +12x3 —3x2)-(6x5 —12x*) 
. = (6x9 +12x3 -3x?) + (6x5 +12x3) 
= 24x3 —3x? 


125. x"(x"+1)=x2" +x" 
127, (x +1)(x" +1) =x? +2x" 41 
129. (x+1)(x-1)=x?-1 


131. x ak +=] 
x x+1 
xe -x? +x-1 

ee te x 


a -1 


133. Using the pattern reflected in Exercises 129-1 32: 
(x +1)(x> —x4 4x3 —x? +x-1) =x°-] 
135. 2n-3=4n-7 
2n -2n-3=4n-2n-7 
-3=2n-7 
—3+7=2n-7+7 
4=2n 
2=n 
(4n>)? =16n® =16(2)® = 16(64) = 1024 


137. Multiply the quotient by the divisor. 
(3x —4)(4x +5) =12x? +15x-16x—-20 
=12x* —x-20 

The polynomial is 12x? -x-20. 

139. (2x-5)3x+1)+ (x? +2x -3) 
= 6x? +2x-15x-5+x7 +2x-3 
= 7x? -11x-8 

Section 7.4 

Concept Review 7.4 « 


1. Never true 
The bases must be the same for us to use the Rule for Dividing Exponential Expressions. 


3. Always true 
5. Never true 
a 


== me a negative exponent does not indicate a negative number. 
4 


7. Never true 


2st =2(G le e 
x 


165 


166 


Chapter 7: Polynomials 


Objective 1 Exercises 


1. 


7. 


11. 


13. 


15. 


17. 


19. 


21. 


25. 


27. 


29. 


31. 


33. 


35. 


37. 


39. 


41. 








=a bel 
=== 
5 25 
bees7 
re ° = 64 
a =321233-1_ 1 
3 oz, 
3 
apne 0s 
7 
k= 
8 
OSE 8-5 _ 2 
a 
Ae ey 
aie =p 
8 
a2 =2x3 
x 
5 
a = 2k5-4 =2k 
9 
ae pen Snene 
mn 


24a® 3 3 3 
peek 
asic 
al = 6 
a 
E need 
400s deci ae 

x! x! 
5 1 $ 
pre 
1 pla Lee ss 
9x ree a yrs ese es 
(ab>)® =1 
3 

Ss abaes age | 
a SayS a 

y 

5 
Seal ag at 


43. 


45. 


47. 


49. 


51. 


53. 


55. 


57. 


59. 


61. 


63. 


65. 


67. 

















S18x?"se-s Sahl "2a 3x0 
X°y i xeleeser) ee goa 
gx) Bos 
xy x 
2m>n? Es Im? ne t0 _ 2m 38 2 
5m?n'? 5 5 5m>n8 
pg 1-4 3-4 _ -3 -1 1 
Ach ae. SP". = >3, 
Pq Pq 
3x4 5 ik ys x9 3 1 
Cry) a ee 
14x4y%z? E 1x! yo ez 2 Txy3z S22 
16x*y?z 8 8 8y? 
15mn? p? 2 Im)-4n9-? p>! 
30m‘*n? p 2 
_ mono p® 
2 
i 
2m 
3 a 
ey EIS 3 Maing NERBare Oe OX 
(-2xy“)" =(-2)° x°y Sa ee 
y yy) 
ae a 9 
(3x7ly 2)2 = 32 J eakir 
y 


(2x!\(x)=2x4 = 4 
ek: 


(-Sa)(a~>)? = (-Sa? (a7!) = -Sa8 = => 


(-2ab™)(4a~?b)* = (-2ab~ (4-2. at) 








71. 


73. 
75. 


wile 

















Objective 2 Exercises 


81. 
83. 
85. 
87. 
89. 
91. 
93. 
95. 
97. 
99. 
101. 
103. 


105. 


107. 


109. 


111. 


2,370,000 = 2.37-10° 
0.00045 = 4.5-10~+ 
309,000 = 3.09-10° 
0.000000601 = 6.01-1077 
7.1-10° = 710,000 
4.3-10~> = 0.000043 
6.71-10° = 671,000,000 
7.13-10°© = 0.00000713 


16, 000,000,000 = 1.6-10!° 


5,980,000,000,000,000, 000,000,000 = 5.98-1024 


0.00000000000000000016 = 1.6-107!9 
0.000000000001 = 1-107! 


(1.9-10!2)(3.5-107) = (1.9)(3.5)-10!2+7 
= 6.65-10!9 


(2.3-1078)(1.4-10~°) = (2.3)(1.4)-:1078-6 
=3.22-1074 


6.1210! _ 6.12 14-9 
1750 = ts 
=3.6-10° 


5.58-1077 _ 5.58 
311080: Sak 
=1.8-107!8 


4077 —I1 


Objective 3 Exercises 


113. 


115. 





10a-25_10a_25_, 


5 Da ro 


117. 


119. 


121. 


123. 


125. 


127. 


129. 


131. 


133. 


135. 


137. 


139. 


141. 


143. 
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2 2 
3a) +20 _ 3a) 24349 
a a a 
3 3 
4b sbeebs 30522 3 
b b 
3x2-6x 3x2 6x 
ee eae LD 
3x 3x 3x 
5x7-10x 5x?” 4 10x 
= + = - x2 
—5x -Sx -Sx 
Ua ep 2 
Wa Ot Ok 2 XS Ok Set aes 
x x x x 
654.4 <6 
x = x Be an o8e 1 
x x x x 


= + = xy 

Sxy Sxy Sxy ee 
62463 6 

Dyna ly ee eyes 
—3y sya) 

26 2 

Sx 2xt) _ 3x0 2x 13 t 
x x x 

~3x? +7x-6 _-3x? 7x_6 
x x x x 


16a7b-20ab+24ab? _16a7b _20ab | 24ab™ 


4ab 4ab 


9x* y+ 6xy-3xy? _ 9x7y , Oxy _3xy” 
xy xy xy xy 
=9x+6-3y 
x+2 
x-3)x? - x-6 
x? -3x 

2x-6 

2x-6 

0 

(x2 —x-6)+(x-3)=x+2 


2x+1 

x+2)2x? +5x4+2 
2x? +4x 

x+2 

x+2 

0 


(2x? +5x+2)+(x+2)=2x41 
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145. 


147. 


149. 


151. 


153. 


155. 
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2x- 4 
2x+4)4x7+0 -16 
Ax? +8x 
—8x -16 
=8x—16 
0 
(4x? -16)+(2x+4)=2x-4 
x+l1 
x-1)x? +041 
x2 -x 
x+1 
x-1 
2 


157. 


' 159. 


G25 )a@eD ss als 
x-l1 


2x-1 

3x-2)6x? -7x+0 
6x2 —4x 

-3x+0 

—3x+2 

—2 


161. 


(On! 74 Gr2 2) 2x 21- 


5x +12 

x-1)5x? + 7x+ 0 
5x2 - 5x 

12x+ 0 

12x -12 

12 


(5x? +7x)+(x—-1) =5x4+12+ 


at 3 
a+2\a?+5a+10 
a +2a 
3a+10 
3a+ 6 

4 


(a? 45a #10) a2) 204345 


y- 6 

2y+3|2y?-9y+ 8 
2y* +3y 

Saeldy 258 

-12y-18 

26 


(2y? -9y+8)+(2y+3)=y-6+ 


2x+5 

2x -1) 4x2 +8x43 
4x? -2x 

10x+3 

10x-5 

8 


8 
(4x? +8x+3)+(2x-l)=2x4+5+ 
2x-1 





5a-6 


3a+2)15a - Ba- 8 


15a? +10a 
=ifa-#6 
-18a-12 
4 


(15a -8a—-8)+(3a+2)=5a-6+ 





3a+2 


3x-5 

4x -1)12x? -23x+5 
12x? - 3x 

—20x+5 

-20x+5 

0 


3x-2 (12x? -23x+4)+(4x-1) =3x-5 
. x? +2x+3 
163. x4+l)x? 43x? +5243 
xo + x? 
2x? +5x 
2x2 +2x 
3x+3 
ae 3x+3 
ae 0 
(x3 +3x? +5x+3)+(xtl)=x7 +2x4+3 
165. x7+0+2)x++0- x7+0-6 
x* +04+2x? 
-3x? +0-6 
; -3x7 +0-6 
at = eG 
(x* —x? -6) +(x? +2)=x2 -3 
Applying Concepts 7.4 
167. 82 42% = ye ee 
82 25 64 32 64 64 64 
26 





2y+3 


169. 





171. 27+ =0.0625 


9x2y4) (12x56 
173. ( = }-( 2 = Bxy*)-(22y’) 





























187. The unknown polynomial: p 














Qxs1f P }=ex+0{2x-44 u } 
2x+1 2x+1 


p= (2x-+1)2x4+ (2441-4) + 2x+1/ Z } 
2x+1 





p=4x? +2x-8x-447 
p= 4x? —6x +3 
The polynomial is 4x? -6x+3. 


Focus on Problem Solving — 


i 88 ft/s= oot. 1 mi Pes en 
ls 5280ft 1min 1lhr 


_ 316,800 mi 


5280 hr 
= 60 mi/hr 


nfs ee. 1km 60s 60 min 
1s 1000m 1lmin Ilhr 


_ 28,800 km 


1000 hr 
= 28.8 km/hr 





185. 
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False. 
(243)! =(5) 1! = 


The unknown monomial: m 
m(4b) = 12a2b 
m(4b) _ 12a*b 
ease ay 
m=3a" 
The monomial is 3a2. 
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Strategy 

To find the cost: 

Use the formula A =L- WwW to find the area of the 
carpet. L = 80 ft, and W = 36 ft 


2 
: ae =1 to convert 





Use the conversion factor 


square feet to square yards. 
Multiply the number of square eas used by 
$21.50. 


Solution 

A=LW 

A =80 ft-36 ft = 2880 ft” 

2880 ft? = 2880 ft? - i = 320 yd? 
320 yd? - a 30 _ $6880 

The carpet cost $6880. 

Strategy 

To find the cost: 


Use the formula A = LW to find the area of the 
carpet. L = 30 ft and W = 20 ft. 


‘ 1 yd? 
Use the conversion factor - z= 1 to convert 
; t 





square feet to square yards. 
Multiply the number of square yards used by 
$22.25. 


Solution 
A=LW 


2 
A= 30 ft-20 ft = 600 ft? 2S 
9 ft 





= 66.67 yd” 


66.67 yd? 2 = $1483 
yd 
The cost of the carpet is $1483. 


Strategy 

To find the number of gallons: 

Use the formula V = LWH to find the volume of 
water in the fish tank. ZL = 36 in., W = 24 in., 
and H = 16 in. 





Use the conversion factor igal z= 1 to 
31 in 
convert cubic inches to gallons. 
Solution 
V=LWH 
V = 36 in. -24 in.-16 in. 
= 13,824 in? 84) 
231 in 
= 59.8 gal 


The fish tank contains 59.8 gal of water. 


. Strategy 


To find the number of gallons: 
Use the formula V = LWH to find the volume of 
water in the fish tank. L = 24 in., W = 18 in., 
and H = 12in. 

: _ lgal 
Use the conversion factor —z =1 to 
231 in 





convert cubic inches to gallons. 


Solution 
V=LWH | 
V = 24 in.-18 in.-12 in. 
= 5184 in?-— es 
231 in 
= 22.4 gal 
The fish tank contains 22.4 gal of water. 





- Strategy 


To find the cost: 
Convert = acre to square feet. 
Multiply the number of square feet by $2.15. 


Solution 


1 1 43,560 ft” 
— acre =— acre:————_—_———_ 
4 4 acre 


= 10,890 ft” 


10,890 ft? - Sz. : === = $23,413.50 
The cost of the - is $23,413.50. 


. Strategy 


To find the price per square foot: 
Convert 0.75 acre to square feet. 
Divide $98,010 by the number of square feet. 


Solution 
os 
0.75 acre =0.75 acre- soe = 32 670 ft 
e 
a = $3/ ft? 
32,670 ft 


The price for the parcel is $3/ ft”. 


. Strategy 


To find the amount of concrete to order, convert 
800 ft? to cubic yards. 


Solution 

3 Lyd? 
21 

You should order 29.6 ya? of concrete. 


800 ft® = 800 ft? -—— = 29.6 yd? 
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10. Strategy 
To find the speed: 
Convert 440 yd to miles. 
Convert 4.936 s to hours. 


Use the formula r -< to find the speed. 


Solution 


ah a 
440 yd = 440 yd-— 0.25 mi 
v ms 1760 ya ES 


1h 
4.936 s = 4.936 s- ~0.001371111h 
~~ 3600 





S 
r=— 


pe 18033 pA 
0.001371111h 
The speed of the dragster is 182.33 mph. 


11. Strategy 
To find the time: 
Convert 6.85 mi to feet. 


Use the formula t = fe to find the time. 
r 


Solution 


6.85 mi = 6.85 mi- 0% 





= 36,168 ft 


t=— 


r 
a 36,168 ft _ : 
4700 ft/s. 


It takes approximately 7.7 s for sound to reach the bottom of the trench, so to reach the bottom of the trench and back, 
it takes 15.4 s. 

Projects and Group Activities 

Pascal’s Triangle 

(a+b)® =a® +8a’b + 28a°b* + 56a°b? + 70a‘b* + 56a5b> +28a7b® +8ab’ +b® 


Properties of Polynomials 


1. 10 
-10 10 
—10 
degree: 3 
number of turning points: 2 
2. 10 
-10 10 
—10 
degree: 3 


number of turning points: 2 
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—10 


. — 

o 
— 
°o 


—65 
degree: 3 
number of turning points: 3 


| 
—_ 
o 
= 
So 


JO 
degree: 4 
number of turning points: 3 


| 
—_ 
° 
_ 
° 
— 
° 


—10 
degree: 5 
number of turning points: 2 


6. 


-10 10 


= 


—60 
degree: 5 
number of turning points: 4 


7. 125 


—10 


— 
So 


al 25 
degree: 5 
number of turning points: 4 


The number of turning points is less than or equal to one 
less than the degree of the polynomial. 


Chapter Review Exercises 


1. 12y?+17y-4 
Qy* -13y+3 
2ly?+ 4y-1 


2. (Sxy?)(-4x?y3) = -20x7 > 


9, 


10. 


11. 


12. 


13. 


14. 


15. 


16. 


17. 


18. 


-2x(4x2 + 7x -9) = —2x(4x7) — 2x(7x) — 2x(-9) 
=-8x? -14x? +18x 


(Sa-7)(2a+9) =10a* + 45a-14a-63 
=10a” +31a-63 


36x? -42x+60 _ 36x” 42x , 60 


6 6 Gi eG 
=6x* -7x+10 


5x* -2x-1 5x? -2x-1 
~Gx? =5x+7)  =3x" 452-7 
2x? +3x-8 


(-32)3 =-3° =-729 


(x? —5x+2)(x-1) 

= x?(x-1)—5x(x-1) + 2(x-1) 
= x9 —x? —5x7 +5x4+2x-2 
=x? -6x? +7x-2 


(a+ 7)\(a-7) =a” -7a+7a-49 
=a’ -49 
2 
<6) = 64 =1296 
- 
x- 6 
x41)x? + x-42 
x2 +7x 
—6x — 42 
—6x— 42 
0 


(x2 +x-42)+(x+7)=x-6 


2x3 +7x7 + x 
2x? —4x-12 
2x3 +9x* —3x-12 


(6a7b>)(3a°b) = 18a*b® 


x? y(3x? —2x +12) 

eee 2 2 2 

= x“ y(3x*°)—x* y(2x)+ x“ y(12) 
= 3x4y-2x3y4+12x7y 


(2b -3)(4b + 5) = 8b? +10b-12b-15 
= 8b? —-2b-15 


16 on Zee 
y" —32y _ loy f 32y =—“4y 48 
—4y —4y —-4y 
13y°-7y-2°  13y? ~Ty-2 
—(12y* —2y=1) -12y* +2y +1 
13y? ={2y" —S5y-1 


(23)? =2° =64 or (8)? = 64 


19, 


20. 


21. 


22. 


23. 


25. 


26. 


27. 


- 29. 


30. 


31. 


32. 


By? + 4y- 7 
x 2y+ 3 

9y* +12y-21 
6y> + 8y?-14y 
6y? +17y? — 2y-21 


(2b -9)(2b +9) = 4b? +18b-18b-81 
= 4b? -81 

b®c? 

ards 


a 


(a~*b>c)? =a ‘b®¢? = 


2y-9 
3y—4]6y? 35) +36 
6y” — By 
~-21y+36 
-2Ty +36 
0 
(6y* -35y + 36)+(3y—4) =2y-9 


0.00000397 = 3.97-10~° 

(xyz? (x3 y3z) = x4y8z4 

(6y? -2y+9)(-2y?) 

= 6y"(—-2y?) -2y(-2y?) + (-2y?) 

=-12y? +4y* -18y° 

(6x -12)(3x — 2) = 18x? -12x-—36x+24 
= 18x? — 48x +24 


6.23-107> = 0.0000623 


8a? -a 8a? -a 
Sa-= 6 4) 15a +4 
em nape ing -Ta? -a+4 


(-3xy)? =(-3)?x*y8 as 9x*ty6 
(4a? —3)(3a—2) = 12a? -8a* -9a+6 


(Sy-7) =(Sy-T)(Sy-7) 
= 25y? -35y-35y +49 
= 25y? -70y+49 


4,6 


4.6 
(-3x72 y-3)-? = (-3)7? x46 = aay, = x y 


(3) 9 


33. 


34. 


35. 


36. 


37. 


38. 


39. 


40. 


41. 


42. 


43. 
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x+ 5 

x+12)x? +17x+64 
x? +12x 

5x+64 

5x+60 

4 


(x? +17x +64) +(x+12)=x+5+ 





x+12 
2.4-10° = 240,000 
(a*b’c°)(ab>c)(a2bc”) =a°p!!°9 


2ab?(4a? -2ab + 3b”) 
= 2ab*(4a?) + 2ab?(—2ab) + 2ab?(3b7) 
= 8a°b? —4a7b* + 6ab> 


(3x + 4y)(2x — Sy) = 6x? —15xy + 8xy— 20y” 
= 6x? —Txy-20y” 
12b7 +36b°-3b° _12b’  36b° 36° 
3b3 3b> 3b? 3b? 
= 4b* +12b? -1 
b? -11b+19 b* -11b+19 
~(5b2 + 2b- 9) -5b2- 2b+ 9 
4b? -13b +28 


(5a7b®)? (4ab) = (52 a!4b!2)(4ab) 
= (25a!4h!2)(4ab) 
= 100a!°p!3 


6b® —2b? -5 
x oy 2be <1 
6b? + 2b7 +5 
12b> - 454 -10b? 
12b> — 4b* — 6b? — 8b? +5 


(6 —5x)(6 + 5x) = 36 + 30x — 30x — 25x? 


= 36-25x" 
6x *y* mg tytl 
3xy 
=2x3y3 
2y? 


x 
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45. 


46. 


47. 


49. 


50. 


$1. 


52. 


53. 


54. 
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a’ -2at 6 
a+3\a>+ a? +0at18 
a> +3a? 
2a? +0a 
-2a* -6a 
6a+18 


6a+18 
0 


(a? +a +18) +(at3)* =a” -2a+6 


4b>-7b2 +10 
2b? -9b- 3 
4b? -5b* -9b+ 7 


(2a!b3)(-9b7c°)(3ac) 
= [2(-9)(3)]a!2*!p3+2,641 
=-54al3p°c! 


-9x?2(2x? +3x-7) 
=-9x2(2x2)-—9x2(3x) -9x?(-7) 
=-18x4 —27x3 +63x? 


(10y —3)(3y—10) = 30y* -100y -9y +30 
=30y? -109y +30 


9,176,000,000,000 = 9.176 -10!2 


6y? +2y+ 7 6y* +2y+7 
-(8y? + y+12) -8y?— y-12 
ya y-5 


(6x4 y722)?(-2x3y226)? 

= (62 x8y!424yf(-2)? x9y42!2] 
= (36x8y!424)(4x5y4z!?) 

= 144x!4y18 16 


=x 22x xD 
x 4x+ 3 
~9x° —6x? + 3x-27 

-12x4 - 8x3 44x? =36x 
-12x4 -17x3 — 2x? -33x-27 


(8a+1)? =(8a+1)(8at1) 
= 64a? +8a+8a+1 
= 64a” +16a+1 


-2)-8 
4a re 5 = 2a 8-2) 
2a b” 

2 


ab 


55. 


56. 


57. 


58. 


b* +5b+2 
b-7\b> -2b? -33b-7 
b> — 7b? 
5b” —33b 
5b? —35b 
ah 
2b-14 
7 


(b? - 2b” -33b-7)+(b-7) =b? +5b+24— 


Strategy 

To find the area, replace the variables L and W in 
the equation A = L- W by the given values and 
solve for A. 


Solution 

A=L-W 

A=5x(4x-7) 

A= 20x? -35x 

The area is (20x2 —35x) m?. 

Strategy 

To find the area, replace the variable s in the 
equation A= s? by the given value and solve for 
A. 

Solution 

A=s" 


~ A=(5x+4)? 


A=25x? + 40x +16 
The area is (25x? + 40x +16) in?. 


Strategy 
To find the area, replace the variables b and h in 


the equation A = Soh by the given values and 
solve for A. 
Solution 


A==bh 
2 
A= 5G — 2)(6x +4) 


A= 5(6x + 4)(3x —2) 
A=(3x+2)(3x-2) 
A=9x*—-4 

The area is (9x? —4) fic. 


59. 


60. 


Strategy 
To find the area, replace the variable r in the 


equation A= tr? by the given value and solve for 
A. 


Solution 


A = nr? 


A=n(x-6)” 

A=n(x2 -12x+36) 

A= nx? -12nx +360 

The area is (nx? —12mx + 36m) cm?. 


Strategy © 

To find the area, replace the variables L and W in 
the equation A = L - W by the given values and 
solve for A. 


Solution 
A=L-W 
A=(5x+4)(x-8) 


.A=15x? —40x +12x-32 


A=15x? —28x-32 
The area is (15x? —28x—-32) mi”. 


Chapter Test 


1. 


3. 


4. 


3x? —2x2 -4 
8x2 -8x+7 
3x? +6x2 -8x+3 


-2x3 + x? -7 
x 2x -3 
6x3 -3x? 1 

4x4 +2x3 -14x . 
4x4 +8x° —3x? -14x+21 


2x(2x? — 3x) = 2x(2x7) + 2x(-3x) 
= 4x3 — 6x? 


(-2a2b)? = (-2)?a®b? = -8a°b? 


12x? 


== ~4x2-(A4 = 4; 


—3x 


(2ab™*)(3a~*b*) = 6a'b = = 


3q* -2a— 7 3a? -2a- 7 
(5a? +2a-10) -5a? —2a+10 
5a? +3a” -—4a+ 3 





(a—2b)(a+ 5b) = a? + Sab -2ab -10b? 
=a’ +3ab-10b 


4x 4x 4x 4x 
= 4x4 -2x7 +5 


10. 


(4x? -1)+2x-3)=2x43+5 2 


11. 


12. 


13. 


14, 


15. 


16. 


17. 


18. 


19. 


20. 


21. 


22. 


23. 
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2x+3 

2x-3)4x7 +0x-7 
4x? -6x 

6x-7 

6x-9 

2 








x-3 
(-2xy*)(3x7y*) = -6x7 y® 


-3y? (-2y? +3y-—6) 
= -3y?(-2y*) -3y*(3y) -3y?(-6) 
= 6y* —9y? +18y" 


21x" 1-4. 3-3) ge 3200 
ape Bes =9x y ee 
(2x—5)* =(2x—5)(2x—5) 

= 4x? -10x-10x+25 

= 4x? -20x +25 


(2x —7y)(5x —4y) = 10x? —8xy— 35xy + 28y” 
= 10x? —43xy+28y* 


x7 - 4x+ 5 
4 x- 3 
_ -3x? +12x-15 
x2 4x7 4+ 5x 
x? —7x? +17x-15 


(a2b~>)? =a'b° at 
b 


0.000029 = 2.9:107> 


(4y -3)(4y +3) =16y? +12y-12y-9 
=l6y* -9 


3y>-S5y+ 8 3y? - 5y+8 
-(-2y? +5y +8) +2y? - 5y-8 
3y? +2y? -10y 


(-3a2b”)? =(-3)a°b* =9a°b4 


5a*— 2a+ 3 
x 2a- 7 
-35a* +14a-21 
10a? - 4a*+ 6a 
10a? - 39a? +20a-21 


(3b + 2)” = (3b + 2)(3b +2) 
=9b? +6b+6b+4 
=9b? +12b+4 
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25. 


26. 


27. 


28. 
29. 


30. 
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np ths gt tps 
a “b> 
4 
Beewe - 
4a*b? 
4x+8 
2x-3)8x2 + 4x- 3 
8x2 —12x 
16x- 3 
16x —24 
21 


(8x7 +4x—-3)+(2x-3)=4x+8+ 








2 
2x-3 
(a2b>)(ab?) = a*b! 


(a-3b)(a+4b) = a? + 4ab—3ab-12b? 

=a* +ab-12b? 
3.5-10-* = 0.000000035 
Strategy 
To find the area, replace the variable s in the 
equation A= s* with the given value and solve 
for A. 
Solution 
A=s* 
A=(2x+3)" 
A=(2x+3)(2x+3) - 
A=4x? +12x+9 
The area is (4x? +12x+9) m2, 
Strategy 
To find the area, replace the variable r in the 
equation A = mr? with the given value and solve 
for A. 


Solution 
A=nr- 

A=n(x-5)* 

A=mx* -10x +25) 

A=nx? -10nx +250 

The area is (mx? —10mx +25) in”. 


Cumulative Review Exercises 


3 3\ peor aS 3 
et etre eee ee tae | eros 
16 8) 9. 16°78 9 
27. «54 80 
= — + — + | -—— 
144 144 144 
1 


~ 144 








HS -S)+2 
4\ 10 
Oy 
5 
6° 10834 
=e tf — = 
ere: 
4. 87 
0.775 
5. 40) 31.000 
-280 
300 
~280 
200 
-200 
0 
_ -2-(3+2)* 
4 
_2-3 
“4 
_ 2-25 
4 
2272 
4 4 


7. —3x—(-xy)+2x —Sxy =-3x + xy+2x—-Sxy 


=-x-4Axy 
8. ass{-3) =-12x 
4 


9. —2[3x-4(3-2x)+2]=-2[3x-12+8x+2] 


= —2[1 1x -10] 
=-—22x+20 
10. -8+8=0 
11. ieee 
3. 
3 Sie 
——(12) =-=} -= 
509=-3{-33] 
-18=x 


The solution is -18. 


12, 


13. 


14. 


15. 


16. 


17 


18. 


3x-7=2x+9 
3x-2x-7=2x-2x+9 
x-7=9 
x-74+7=9+4+7 


x=16 
The solution is 16. 


3-4(2-x)=3x+7 
3-84+4x=3x+7 
—5+4x=3x+7 
—5+4x-3x=3x-3x+7 
—5+x=7 
—54+54+x=5+7 
tege 5S? 
The solution is 12. 


4 
—=% =16— 
5% x 
~2xtx=16-x+2 


Er e216 
aoe 


t= t6 
5 


1 ing 
—x}|=5(16 
{ 5 x) (16) 
x =80 
The solution is 80. 


PB=A 
P(160) = 38.4 
160P 38.4 


160 160 
P=0.24 
The percent is 24%. 


7x -82>-29 
7x-8+82-29+8 
Tx 2-21 
Ix, 21 
7 il 
x2-3 


P, =(%.9) =@G,-4), Py = (2,92) = (-2,5) 
1 — yp SOO ae 


The slope of the line is -2 ‘ 


m=->, (x1,.9,)= 0-3) 
y-yy =m(x- x) 
y-(-3)=-S-) 


3 

$3 eae 

y x 2 

3 
=-—x+—-3 

iy. x 2 
Jody aur 9 

3 5 


19. 


20. 


21. 


22. 


Cumulative Review Exercises 177 


3x-2y=-6 
—2y=-3x-6 





4 
<—x-3 
igi 


Graph y= ox —3 as a solid line. 
Shade the lower half-plane. 





Domain: {-8, —6, -4, -2} 

Range: {-7, —5, -2, 0} 

No two ordered pairs have the same first 
coordinate. The relation is a function. 


F(x) =-2x+10 

f(6) =-2(6)+10 
f(6)=-12+10 
f(6)=-2 

The value of (6) is —2. 


(1) x=3y+l 
(2) 2x+5Sy =13 
Substitute in equation (2). 
23y +1)+5y =14 
6y+2+5y=13 
lly+2=13 
lly=11 
y=1 
Substitute in equation (1). 
x=3y+l1 
x=3(1)+1 
x=3+1 © 
x=4 
The solution is (4, 1). 
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24. 


25. 


26. 


27. 


28. 


72a 


30. 


31. 
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(l) 9x-2y=17 
(2) 5x+3y=-7 
Eliminate y. 


3(9x - 2y) = 3(17) 
2(Sx + 3y) = 2(-7) 


27x - 6y=51 
10x + 6y =-14 
Add the equations. 
37x =37 
x= ih 
Replace x in equation (2). 
5x+3y =-7 
5(1) +3y =-7 
5+3y=-7 
3y=-12 
Fea 


The solution is (1, -4). 


(Sb? — 4b? —7) — (3b? -8b +3) 
(5b? — 4b” - 7) + (-3b” + 8b -3) 
5b° - 7b? +8b-10 
5x2 - 2x41 
x 3x-4 
~20x” + 8x-4 


15x? - 6x2+ 3x 


15x? -26x? +11x-4 


(4b -—3)(5b -8) = 20b* —32b-15b +24 
= 20b* — 47b +24 


(5b +3)? =(5b +3)(5b +3) 
= 25b* +15b+15b+9 


=25b? +30b+9 
~3a3p2 eee at p2-@) 
12a*b~ 4 
a 'p4 
4 
he 


4a 





-15y? +12y-3 _ -15y” 1 Ba 
—3y —3y —3y <3y 
Sioa 
y 


a- 7 
a+4)a? —3a-28 
a? +4a 
—Ta-28 
—la-—28 
0 
(a? -3a—28)+(a+4)=a-7 


32. (-3x4y)(-3xy) = [(-3(-3) x > 2y!! 


33. 


34. 


35. 


=o y 


_9y? 


x® 


flay=-2x+9 
f(-12)= -5(-12)+9= 16+9=25 
f(-9)= -(-9)+9 =12+9=21 
fl-6) =-5(-6)+9=849 =17 
f(0)=-5(0)+9=0+9=9 


f6)=-5(6)+9=-8+9=1 
The range is {1, 9, 17, 21, 25}. 


The product of five and the difference between a 
number and twelve 

5(n— 12) 

5n—-60 


The unknown number: n 


The difference 
between eight ; 
times a number 1S 18 


and twice a 
number 


36. 





8n-—2n=18 
6n =18 
75 
The number is 3. 


Strategy 

Length: L 

Width: 0.40L 

Use the equation for the perimeter of a 
rectangle. 


Solution 
2L+2W=P 
2L + 2(0.40L) = 42 
2L+0.8L = 42 
2.8L = 42 


L=15 
0.40L = 0.40(15) = 6 
The length is 15 m. The width is 6 m. 


37. Strategy 
Given: r= 80% =0.80 
C= $24 

Unknown: § 
Use the equation S=C +rC. 
Solution 
S=C+rc 

= 24 + 0.80(24) 

= 24+19.20 


= 43.20 : 
The selling price is $43.20. 


38. Strategy 
% concentration orange juice: x 


Amount Percent ~ Quantity 


Pee ae 
Fruit punch i ae 0.10(200) 









The sum of the quantities before mixing is equal — 


to the quantity after mixing. 


Solution 
1.00(50) + 0.10(200) = 250x 
50 + 20 = 250x 
70 = 250x 
0.28 =x 


The resulting mixture is 28% orange juice. 
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39. Strategy 


Time of car: t 
Time of cyclist: t + 2 


Rate Time Distance 


ee praiae eee 





The car and the cyclist travel the same distance. 


40. 


Solution 
50t = 10(t +2) 
50t = 10 +20 
40t = 20 


t=— 


50t = 53} =25 
2 


The car overtakes the cyclist 25 mi from the 
starting point. 


Strategy 

To find the area, replace the variable s in the 
equation A= s’ by the given value and solve 
for A. 

Solution 

A=s* 

A=(3x+2)* 

A= (3x.+2)(3x + 2) 

A=9x? +12x+4 

The area is (9x? +12x +4) ft”. 


Chapter 8: Factoring 


Section 8.1 


Concept Review 8.1 


1. 
3. 
5. 


Always true 
Always true 


Never true 


yy + 4) + 6 is not the product of factors. 


Never true 


a* —8a—ab +8b =a(a—8)—b(a-8) 
=(a-8)(a—b) 


Objective 1 Exercises 


3. 


Ss 


11. 


13. 


15. 


17. 


19. 


21. 


23. 


The GCF is x°. 
The GCF is xy’. 
The GCF is xy*??. 


14a? =2-7a? 
49a’ =7-7a’ 
The GCF is 7a°. 


3x7 y? =3x7y? 
Sab? = Sab* 


There is no common factor other than 1. 


9a*b* =3-3a7b4* 
24a*h? =2-2-2-3ab2 
The GCF is 3a2b?. 


— ab? = ab? 
4a*b =2-2ab 
12a*b? =2-2-3a2b> 


The GCF is ab. 


2x7y = 2x*y 
4xy =2-2xy 
8x =2-2-2x 
The GCF is 2x. 
3x7 y? = 3xy? 
6x=2-3% 
9x3 y3 = 3-3x3y3 
The GCF is 3x. 
The GCF is 5. 
Sa+5= S(a) + 5(1) = S(a +1) 


16=2-2-2-2 


8a? =2-2-2a2 
The GCF is 8. 


16 -8a? = 8(2) + 8(-a?) 
= 8(2-a’) 


25. 


27. 


29. 


31. 


33. 


35. 


37. 


39. 


41. 


43. 


8x =2-2-2x 

12=2-2-3 

The GCF is 4. 

8x +12 = 4(2x) + 4(3) 
= 4(2x +3) 


30a =2-3-Sa 
6=2-3 
The GCF is 6. 
30a — 6 = 6(5a) + 6(-1) 
= 6(5a-—1) 


Ix? = 7x? 
3x =3x 
The GCF is x. 


7x? -3x = x(7x) + x(-3) 


= x(7x - 3) 


3a? = 3a? 

5a =5a> 

The GCF is a?. 

3a” + 5a> = a? (3) +.a*(5a°) 
= a*(3 + 5a?) 


14y? =2-7y? 
lly=lly 
The GCF is y. 


14y” +11ly = y(14y) + y1)) 
= y(14y +11) 


2x4 =2x4 
4x=2-2x 
The GCF is 2x. 


2x4 —4x =2x(x3) +2x(-2) 
= 2x(x? -2) 


10x* =2-5x4 
12x? =2-2-3x? 
The GCF is 2x?. 
10x* —12x? =2x?(5x”) +2x(-6) 
=2x?(5x? -6) 
The GCF is xy. 
x?y—xy? = ay(x) +-y(-y?) 
= xy(x-y”) 
There is no common factor other than 1. 
2a°b+ 3xy? 


6a7b? =2-3a2b? 
12b7 =2-2-3b2 
The GCF is 6b. 
6a7b? -12b? = 6b? (ab) + 6b2(-2) 
= 6b? (a*b-2) 


45. 


47. 


49. 


51. 


53. 


55. 


57. 


59. 


61. 


6a7be = 2-3a2be 
4ab*c =2-2ab2c 
The GCF is 2abc. 


6a? be + 4ab2c = 2abc(3a) + 2abc(2b) 
= 2abc(3a + 2b) 


18x7y? = 2-3-3x7y? 


9a2b? =3-3a2b2 
The GCF is 9. 


18x7y? —9q2b? = 9(2x2y2) +.9(-a2b?) 
= 9(2x7y? — a7?) 


6x3 y3 =2-3x3y3 
12x®y® = 2.2.35) 
The GCF is 6x? y?. 
6x°y? -12x°y® = 6x3 y3(1) + 6x7 y3(-2x3y?) 
= 6x°y3(1-2x3y3) 
The GCF is x. 
x°-3x? -x= x(x”) + x(—3x) + x(-1) 
= x(x? -—3x-1) 


2x? =2-x? 
8x =2-2-2x 
12=2-2-3 

The GCF is 2. 


2x? +8x—-12 = 2(x”) +2(4x) + 2(-6) 
= 2x? +4x-6) 
The GCF is b. 
b? — 5b? —7b = b(b”) + b(-5b) + b(-7) 
= b(b* -5b-7) 


By? =2-2-2y? 
12y =2-2-3y 
32 =2-2-2-2-2 
The GCF is 4. 
8y? -12y +32 = 4(2y”) + 4(—-3y) + 4(8) 
= 4(2y” —3y +8) 


2y? =2-2-5y” 
10y =2-5y 
The GCF is 5y. 
Sy? —20y? +10y = 5y(y”) + 5y(—4y) + 5y(2) 
= 5y(y? -4y +2) 


3y* =3y4 

Qy? =3-3y° 

6y” = 2-3y" 

The GCFis 3y”. 

3y4 —9y? — 6y? = 3y(y) + 3y?(—3y) + 3y7(—2) 
=3y*(y?-3y-2) 


63. 


65. 


67. 


69. 
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ay? =3y? 

Qy* =3-3y” 

24y =2-2:2-3y 

The GCF is 3y. 

By? —9y* + 24y = 3y(y”) +3y(-3y) + 3y(8) 
= 3y(y? -3y +8) 


The GCF is a”. 
6a> - 3a? — 2a” = a*(6a?) + a?(-3a) +.a2(-2) 
=a’ (6a> —3a—2) 


8x7y? =2-2-2x7y? 
4x*y =2-2x7y 
x? =x? 
The GCF is x. 
8x7y? —4x*y +x? 
= x? (8y”) + x7(—4y) +x? (1) 
= x?(8y* —4y +1) 


The GCF is xy. 

Axty  8xty any? 

= xy? (Ax? y?) +x y*(-Bxy) + YO) 
= xy? (4x7 y? —8xy+1) 


Objective 2 Exercises 


71. 
73. 
75. 


171. 


79. 


81. 


83. 


85. 


87. 


x(a+b)+2(a+b) =(at+b)(x+2) 
x(b+2)— y(b+2) =(b+2)(x-y) 


a(x —2)+5(2—- x) = a(x —2)-5S(x-2) 
=(x-2)(a—5) 

b(y -3) +33 — y) = b(y — 3) - 3(y -3) 
=(y—-3)(b-3) 


a(x — y)—2(y— x) = a(x—y)+2(x-y) 
=(x-y)(at+2) 


x2 +4x2 +3x4+12 = (x? +4x7) + (3x +12) 
= x7(x+4)+3(x+4) 
=(x+4)(x? +3) 


2y? +4y? +3y +6 =(2y? +4y*) +(By +6) 
= 2y*(y+2)+3(y+2) 
=(y+2)(2y? +3) 


ab + 3b —2a—6 =(ab + 3b) +(—2a—6) 
= b(a+3)—2(a+3) 
=(a+3)(b-2) 


x7a-2x? -3a+6 =(x2a—-2x7)+(-3at 6) 
= x?(a—-2)-3(a-2) 
= (a—2)(x* -3) 
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89. 3ax—3bx -—2ay+2by 
= (3ax — 3bx) + (—2ay + 2by) 
= 3x(a—b)-2y(a—-b) 
= (a—b)(3x —2y) 


91. x? -3x+4ax-12a = (x? -3x) +(4ax-12a) 
= x(x —3)+ 4a(x —3) 
= (x -3)(x + 4a) 


93. xy—Sy—2x+10=(xy—Sy)—(2x-10) 
= y(x-5)-2(x-5). 
=(x-5)(y-2) 


95. 21x? +6xy—49x-14y 
= (21x? + 6xy)-(49x+14y) 
= 3x(7x + 2y)-7(7x +2y) 
= (7x +2y)(3x-7) 


97. 2ra+a? -2r-a= (2ra+.a*)-(2r+a) 
=a(2r+a)-1(2r+a) 
=(2r+a)(a-1) 


99. 4x? +3xy-12y-16x = (4x? + 3xy)-(12y +16x) 
= x(4x+3y)—-4B3y + 4x) 
= (4x +3y)(x -4) 


101. 10xy? -15xy + 6y-9 = (10xy” -15xy) +(6y-9) 
= 5xy(2y — 3) + 3(2y—3) 
= (2y-3)(Sxy +3) 


Applying Concepts 8.1 
103. a. 2x? +6x+5x+15 = (2x? +6x)+(5x +15) 
= 2x(x +3) +5(x +3) 
=(x+3)(2x+5) 
b. 2x? +5x+6x+15 = (2x? + 5x)+(6x +15) 
= x(2x+5)+3(2x4+5) 
= (2x +5)(x +3) 


105. a. 2a” -2ab-3ab+3b 
= (2a? -2ab) -(3ab - 3b”) 
= 2a(a-b)-3b(a-b) 
= (a—-b)(2a-3b) 


b. 2a? -3ab-—2ab+3b2 
= (2a? -3ab) -(2ab - 3b?) 
= a(2b-3b)—b(2a—-3b) . 
=(2a-3b)(a—-b) 


107. 28 is a perfect number. 
The factors of 28 are 1, 2, 4, 7, and 14, 
and1+2+4+7+14=28. 


109. P=2L+2W=2(L+W) 
When L + W doubles, P also doubles. 


Section 8.2 


Concept Review 8.2 


1. Never true 
The value of b is —8. 


3. Always true 


5. Never true 
When the constant term is negative, the constant 
terms of the binomials have opposite signs. 


Objective 1 Exercises 
1. Factors Sum 
+1, +2 3 

x? +3x+2=(x+1)(x+2) 
3. Factors Sum 
—1,+2 1 
+1,-2 -1 

x? —x-2=(x+1)(x-2) 


5. Factors Sum 
-1,4+12 11 


elt2 it 
—2, +6 4 
+2, -6 4 
—3,+4 1 
+3,-4 -l 
a® +a-12=(a+4)(a-3) 
7. Factors Sum 
-1,-2 -3 


a* ~3a+2 =(a-1)(a—-2) 


9. Factors Sum 
-1, +2 1 
+1,-2 -1 


a* +a-2=(a+2)(a-1) 
11. Factors Sum 


-1,-9 -10 
-3,-3 -6 


b* -6b+9 =(b-3)(b—3) 
13. Factors Sum 


-1, +8 7 
+1,-8 -7 
-2, +4 2 
+2,-4 —2 


b? +7b-8 =(b+8)(b-1) 


15. 


17. 


19. 


21. 


23. 


27. 


Factors Sum 
—1, +55 54 
+1, -55 -54 
—5, +11 6 
+5,-11 a) 

y? +6y-55 =(y+11)\(y—5) 
Factors Sum 
-1,-6 a7 
243 -5 

y? -5y+6=(y-2)(y-3) 
Factors Sum 
-1,-45 46 
-3,-15 =I8 
-5,-9 -14 


27-142 +45 =(z—-5)(z-9) 


Factors Sum 


-1,+160 159 
+1,-160 -159 
—2, +80 718 
+2,-80 -78 
—4, +40, 36 
+4,-40 -36 
= 5,432 ag 
532 | <2) 
-8, +20 12 
45,-20- = 12 
-10, +16 6 
+10, -16 -6 
z? -12z-160 =(z+8)(z—-20) 
Factors Sum 
+1, +27 28 
+3, +9 12 


p? +12p+27=(pt+3\(pt9) 


Factors Sum | 


+1,+100 101 
+2, +50 52 
+4, +25 29 
+5, +20 25 
+10,+10 20 
x? +20x +100 =(x+10)(x +10) 
Factors sum 
+1, +20 21 
+2, +10 12 
+4, +5 9 


b? +9b +20 =(b+4)(b +5) 


29. 


31. 


33. 


35. 


37. 


39. 


41. 
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Factors Sum 
Sita 41 
+1, 42 41 
2st 19 
+2, -21 -19 
-3, +14 11 
+3, -14 =11 
—6,+7 - 1 
+6, -7 =I 
x? -11x-42 =(x+3)(x-14) 
Factors Sum 
-1, +20 19 
+1, -20 -19 
=? +10 8 
+2, -10 -8 
dS 1 
+4, —5 = 
b* —-b-20=(b+4)(b-5) 
Factors Sum 
-1, +51 50 
+1,—51 -50 
=3-417 14 
+3, -17 -14 
y* -14y-51=(y+3)(y-17) 
Factors - Sum 
=1,4+21 20 
41, -21 -20 
3,47 4 
+3, -—7 —4 
p -4p-21=(p+3\(p-7) 
Factors sum 
alias? -33 
-2,-16 -18 
4, -8 -12 . 
y* —8y +32 is nonfactorable over the integers. 
Factors Sum 
=io— 15 -76 
3, -25 —28 
-5,-15. -20 


x* —20x +75 =(x—-5)(x-15) 


Factors Sum 


4256.2 7257 
222281. 230 
Bar at4 | 218 
728 -15 


x? -15x +56 =(x—7)(x-8) 
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43. Factors Sum 51. Factors Sum 
-1, +56 55 -1, +90 89. 
415:5684..4—55 +1,-90  -89 
—2, +28 26 -2, +45 43 
42208) 0-226 0s chSs it baad 
4, +14 10 -3, +30 27 
14-14 ° 10 +3,-30 0-27 
-7, +8 1 -5, +18 13 
17,8 =I +5,-18 -13 
x? +x-56 =(x+8)(x-7) “OG, 419 2 
+6, -15 -9 
45. Factors Sum -9, +10 1 
240472 71 +9, -10 =f 
#72) Seed 2 
—c-90=(c+9)(c—-10) 
~2, +36 34 hel Cane 
+2, -36 -34 Objective 2 Exercises 
oy it x 53. The GCF is 2. 
gee say 2x? +6x4+4.= Ax? +3x+2) 
a Factor the trinomial. 
alee ice Factors Sum 
. fe +1, +2 +3 
a ie 2x? +6x+4=2Axt1)\(x+2) 
+8, -9 =] 55. The GCFis 3. 
a? -2la-72 =(a+3)(a—-24) 3a? +3a—18 = 3(a* +a-6) 
' Factor the trinomial. 
47. Factors Sum Factors Sum 
i368 -1, +6 +5 
—2,-18 —20 +1,-6 -5 
2354? Hen 215 20) 43 +1 
-4, -9 -13 +2, 3 -1 
=6,=6 -12 3a? +3a-18 = 3(a+3)(a-2) 
a® -15a+36 =(a—3)(a-12) : 
57. The GCF is a. 
49. Factors Sum ab? + 2ab-15a = a(b” +2b-15) 
-1, +136 135 Factor the trinomial. 
+1, -136 -135 Factors Sum 
-2, +68 66 =i 415" Sid 
+2, -68 -66 #h=15 ~ 214 
4, +34 30 -3, +5 +2 
+4, -34 -30 +3, —5 =2 
-8, +17 9 ab” + 2ab-15a = a(b+5)(b-3) 
+8, -17 -9 


59. The GCF is x. 


z? -92-136 =(z+8)(z-17) A 5 
xy” —S5xy +6x = x(y~ —Sy +6) 


Factor the trinomial. 
Factors sum 
-1,-6 -7 
-2,-3 -5 


xy? —5Sxy + 6x = x(y-2)(y-3) 


61. 


63. 


65. 


67. 


69. 


Section 8.2 


The GCF is z. 71. There is no common factor. 
2P-722 +12z= 2(22 - 72+ 12) - Factor the trinomial. 
Factor the trinomial. Factors Sum 
Factors Sum =1,=6 =) 
-1,-12: -13 -2, -3 -5 
2,6 8 x? —Sxy +6y? =(x-2y)(x-3y) 
a oH a 73. There is no common factor. 
Zz —72z° +12z = 2(z-3)(z-4) Factor the trinomial. 
The GCF is 3y. aa es 
3y? -15y +18y = 3y(y* —Sy +6) ‘ 
: : —2,-10 -12 
Factor the trinomial. i. 
Factors Sum = re 
aes 7 a? —9ab + 20b* = (a—4b)(a—-5b) 
-2, -3 = 75. There is no common factor. 
3y? -15y? +18y = 3y(y -2)(y-3) Factor the trinomial. 
Factors Sum 
3x? +3x—36 = 3(x? +.x-12) +1,-28  -27 
—s the trinomial. -2, +14 +12 
‘actors Sum 
+2,-14 -12 
—1,4+12 +11 “4.47 43 
+1,-12 -ll na 3 
-2, +6 +4 Sie 5 
+2, -6 -4 x° —3xy—28y* =(x+4y)(x-7y) 
-3,+4 +1 77. There is no common factor. 
+3,-4 -l Factor the trinomial. 
3x? +3x-36 = Hx+4)(x—3) aos a 
The GCF is 5. +1,-41 -40 
52? -15z- 140 = 5(z” -3z—28) y* -15yz—41z” is nonfactorable over the 
Factor the trinomial. integers. 
Factors Sum 
-1,+28 = +27 79. The GCFis z?. 
+1, -28 27 z4 -1223 +3527 =27(z* -12z +35) 
—2,+14 +12 Factor the trinomial. 
Forde ta 12 Factors Sum 
4, 43 +3 21,535; EEG 
+4, -7 3 5, -7 -12 
522 -15z-140 = 5(z + 4)(z-7) z* -1223 +352” =z7(z-5)(z-7) 
The GCF is 2a. 81. The GCFis b?. 
2a° + 8a? - 64a = 2a(a” + 4a-32) b4 -22b3 +120b2 = b?(b? - 22b +120) 
Factor the trinomial. Factor the trinomial. 
Factors Sum Factors sum 
-1, +32 +31 =e 120m 11 
+1, -32 -31 -2, -60 62 
-2,+16 +14 -3, -40 43 
+2, -16 -14 -4, -30 34 
4, +8 +4 S294" | 4-99 
+4, -8 “4 -6,-20 -26 
2a? + 8a” - 64a = 2a(a + 8)(a—-4) -8, -15 -23 
-10, -12 —22 


b* —22b? +120b? = b?(b-10)(b-12) 
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186 
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83. The GCF is 2y?. 


85. 


87. 


89. 


91. 


2y* -26y? -96y? = 2y?(y? -13y—48) 


Factor the trinomial. 


Factors Sum 
—-1, +48 +47 
+1, -48 -47 
—2, +24 +22 
+2, -24 -22 
-3, +16 +13 
+3, -16 -13 
—4, +12 +8 
+4, -12 -8 
-6, +8 +2 
+6, -8 2 


2y4 —26y? - 96y? = 2y?(y +3)(y—16) 


The GCF is x”. 
x* +7x3 —8x2 = x?2(x? +7x-8) 


Factor the trinomial. 

Factors Sum 

-1,+8 +7 

+1,-8 -7 

—2, +4 +2 

+2,-4 —2 
x4 +7x3 -8x? = x2(x+8)(x-1) 
The GCF is 4y. 


Ax*y + 20xy — 56y = 4y(x? +5x-14) 
Factor the trinomial. 
Factors Sum 


-1,+14 +13 
+1,-14 -13 
—2,+7 +5 
+2, -7 -5 


4x? y + 20xy — 56y = 4y(x + 7)(x-2) 
The GCF is 8. 
By? —32y +24 = B(y* —4y +3)’ 


Factor the trinomial. 
Factors Sum 
-1,-3 —4 


By? —32y +24 = &y—1)(y-3) 
The GCF is c. 
c? +13c” +30c = c(c? +13c +30) 


Factor the trinomial. 
Factors Sum 
+1, +30 +31 
+2, +15 +17 
+3, +10 +13 
+5, +6 +11 


c? +13c? +30c = c(c +3)(c +10) 


93. 


95. 


e 


101. 


103. 


The GCF is 3x. 


3x3 —36x2 +81x = 3x(x? -12x +27) 
Factor.the trinomial. 


Factors Sum 
=i=27 -28 
-3,-9 -12 


3x? —36x2 +81x =3x(x—-3)(x-9) 


There is no common factor 


Factor the trinomial. 
Factors Sum 
=1,-15 -16 
-3,-5 -8 


x? -8xy+15y* =(x-3y)(x—5y) 


. There is no common factor. 


Factor the trinomial. 


Factors Sum 
-1,-42 43 
-2, -21 —23 
-3,-14 -17 
-6,-7 -13 


a? -13ab + 42b? =(a-—6b)(a-7b) 


There is no common factor. 


Factor the trinomial. 

Factors Sum 

+1, +7 - +8 
y? +8yz+7z7 =(y+zy+72) 
The GCF is 3y. 
3x7y + 60xy — 63y = 3y(x2 + 20x -21) 
Factor the trinomial. 

Factors Sum 

-1, +21 +20 

+1, -21 —20 

-3,+7 +4 

+3,-7 —4 


3x*y + 60xy — 63y = 3y(x + 21)(x-1) 


The GCF is 3x. 
3x? +3x? —36x =3x(x? + x-12) 
Factor the trinomial. 

Factors Sum 

-1,4+12 +11 

+1,-12 -11 

—-2, +6 +4 

+2, -6 —4 

-3, +4 +1 

+3,-4 -l 


3x3 +3x? -36x =3x(x +4)(x—3) 


105. The GCF is 4z. 
42> +322? -132z = 42(z? +8z—-33) 
Factor the trinomial. 
Factors Sum 
-1,+33 +32 
+1, -33 —32 
-3,+11 +8 
a, = 1d -8 
423 +322? -132z = 42(z +11)(z-3) 
Applying Concepts 8.2 
107. 20+c7 +9c=c? +9c+20 
Factors Sum 
+1, +20 +21 
+2, +10 +12 
+4, +5 +9 
20+¢7 +9c =(c+4)(c +5) 
109. The GCFis a’. 
45a? +.a2b* -14a*b = a*(45+b? -14b) 
Factor the trinomial. 
45+b* -14b =b* -14b +45 
Factors Sum 
=I. =45 46 
-3,-15 -18 
—509 -14 
45a? +a*b* -14a7b = a2(b-5)(b-9) 
V1. x? +kx +35 
Factors Sum (k) 
+7, +5 +12 
=]i=5 =1? 
+35, 41 +36 
35,51 -36 
k =12, -12, 36, or -36 
113. x? -kr+21 
Factors Sum (k) 
+1, +21 +22 
apeji =) 
+3, +7 +10 
Bee -10 
k = 22, —22, 10, or -10 
115. y?+4k+k,k>0 


Factor two positive integers that sum to 4. Their 
product is k. 


Integers Product 
+1, +3, 3 
+2, +2 4 

k can be 3 or 4. 


117. a*-6a+k,k>0 


119. 


Find two negative integers that sum to -6. Their 


product is k. 


Integers 
-1,-5 


-3,-3 


k can be 5, 8, or 9. 


x? -3xt+k, k>0 


Product 


5 
-2,-4 8 
9 
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Find two negative integers that sum to -3. Their 


product is k. 
Integers 


k can be 2. 
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Concept Review 8.3 


1. 


5. 
Objective 1 Exercises 
<1, 


9. 


Never true 


The value of a is 3. 


Sometimes true 


Product 
et 2 


The factorization of the trinomial may have a 


common factor. 


Always true 


Factors of 2: 1, 2 
Trial Factors 
(1x + 1)(2x +1) 


Factors of 1: +1, +1 
Middle Term 
X+2x=3x 


2x? +3x41=(x+1)(2x +1) 


Factors of 2: 1, 2 
Trial Factors 

(ly +1)(2y +3) 
(ly +3)(2y +1) 


Factors of 3: +1, +3 
Middle Term 
3y+2y =Sy 
y+6y=Ty 


2y? +7y+3=(y+3)(2y +1) 


Factors of 2: 1, 2 
Trial Factors 
(la -1)(2a—1) 


Factors of 1: -1, —1 
Middle T 
—a-2a=-3a 


2a* -3a+1=(a-1)(2a-1) 


Factors of 2: 1, 2 
Trial Factors 

(1b —1)(2b—5) 
(1b —5)(2b -1) 


Factors of 5: -1, -5 


Middle Term 
—5b-2b=-T7b 
-b-10b=-11b 


2b? -11b+5 =(b-5)(2b-1) 


Factors of 2: 1, 2 
Trial Factors 

(1x -1)(2x+1) 
(1x +1)(2x -1) 


Factors of —1: —1, +1 
iddle Term 
x-2x=-x 


—x+2x=x 


2x? +x-1=(x+1)(2x-1) 
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11. 


13. 


15. 


17. 


19. 
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Factors of 2: 1, 2 


+1,-3 
Trial Factors Middle Term 
(1x —1)(2x +3) 3x-2x=x 
(1x + 3)(2x-1) —x+6x =5x 
(1x +1)(2x -3) —3x+2x=-x 
(1x —3)(2x +1) x-6x =-5x 


Factors of —3: -1, +3 


2x? —5x-3=(x-3)(2x +1) 


Factors of 6: 1, 6 


Factors of 3: -1, -3 


233 
Trial Factors Middle Term 
(1z —1)(6z - 3) Common factor 
(Iz -—3)(6z -1) -z-18z =-19z 
(2z-1)(3z—3) Common factor 
(2z—3)(3z-1) —2z7-9z=-11z 


6z? —7z+3 is nonfactorable over the integers. 


Factors of 6: 1, 6 


g4,8 -2,-2 
Trial Factors Middle Term 
(lt -—1)(6t — 4) Common factor 
(1t — 4)(6t —1) —t—24t =-25t 
‘(It — 2)(6t — 2) Common factor 
(2t —1)(t-4) —8t —3t =—-11t 


Factors of 4: -1, -4 


(2t — 4)(3t —1) Common factor 
(2t —2)(3t — 2) Common factor 
6t? -11t+4 = (2t-1)Gt-4) 


Factors of 8: 1, 8 Factors of 4: +1, +4 


2,4 +2, +2 

Trial Factors Mi Term 

(1x + 1)(8x + 4) Common factor 

(Ix + 4)(8x +1) x+32x =33x 

(1x + 2)(8x +2) Common factor 

(2x +1)(4x +4) Common factor. 
(2x +4)(4x +1) Common factor 

(2x +2)(4x +2) Common factor 


8x? +33x+4 =(x+4)(8x 41) 


Factors of 3: 1, 3 Factors of 16: —1, -16 


Das 
=4,—4 
Trial Factors Middle Term 
(1b - 1)(3b —- 16) -16b -—3b =-19b 
(1b -16)(3b—1) —b-48b = -49b 
(1b — 2)(3b - 8) -8b - 6b =-14b 
(1b — 8)(3b — 2) —2b —24b = -26b 
— (lb-4)(3b-4) —4b-12b =-16b 


3b* -16b +16 =(b—4)(3b —4) 


21. 


23. 


25. 


Factors of 2: 1, 2 


Trial Factors 

(iz -1)(2z +14) 
(lz +14)(2z-1) 
(Iz +1)(2z-14) 
(1z-14)(2z +1) 
(Iz —2)(2z +7) 
(1z +7)(2z — 2) 
(1z+2)(2z-7) 
(1z —7)(2z + 2) 


Factors of 3: 1,3 


Trial Factors 
(lp—-1)3p +16) 
(1p +16)(3p—1) 
(ip +1)Gp—16) 
(lp—16)3p +1) 
(lp-2)3p +8) 
(lp +8)Gp-—2) 
(Ip +2)(3p-8) 
(lp-8)(3p +2) 
(Ip—4)(3p +4) 
(p+ 4)(3p-4) 


Factors of -14: -1, +14 
~ +1,-14 

—2,+7 

+2, -7 


Middle Term 
Common factor 
—z+28z =27z 
Common factor 
2-282 =—27z 
1z-4z =3z 
Common factor 
—7z + 4z = —3z 
Common factor 


22* -27z-14 =(z-14)(2z +1) 


Factors of —16: -1, +16 
+1,-16 
-2, +8 
+2, -8 
4, +4 
Middle Term 
16p-—3p=13p 
—p+48p=47p 
-16p+3p=-13p 
p-48p=-47p 
8p-6p=2p 
—2p+24p=22p 
—8p+6p=-2p 
2p—24p=-22p 
4p-\2p=-8p 
—4p+12p=8p 


3p” +22p-16 =(p+8)(3p—2) 


Factors of 6: 1, 6 
23 


Trial Factors 

(1x —1)(6x -12) 
(1x —12)(6x —1) 
(1x — 2)(6x — 6) 
(1x — 6)(6x — 2) 
(1x —3)(6x — 4) 
(1x — 4)(6x — 3) 
(2x —1)(3x -12) 
(2x -12)(3x—-1) 
(2x —2)(3x - 6) 
(2x — 6)(3x —2) 
(2x —3)(3x —4) 
(2x — 4)(3x — 3) 


Factors of 12: -1, -12 
-2, -6 
-3,-4 
Middle Term 
Common factor 
—x —72x = -713x 
Common factor 
Common factor 
Common factor 
Common factor 
Common factor’ 
Common factor 
Common factor 
Common factor 
—8x -9x =-17x 
Common factor 


6x” -17x +12 = (2x -3)(3x—4) 
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5b? +33b-14 =(b+7)(5b-2) 


(la +12)(6a—-2) 
(la + 2)(6a—12) 
(la -12)(6a +2) 
(la —3)(6a +8) 
(la + 8)(6a -3) 
(la +3)(6a-8) 
(la—8)(6a +3) 
(la-4)(6a +6) 
(la +6)(6a- 4) 
(la + 4)(6a-6) 
(la —6)(6a + 4) 
(2a-1)(3a+24) 
(2a + 24)(3a-1) 
(2a +1)(3a - 24) 
(2a-24)(3a +1) 
(2a-2)(3a +12) 
(2a +12)(3a—-2) 
(2a + 2)(3a-12) 
(2a-12)(3a +2) 
(2a—3)(3a +8) 
(2a + 8)(3a—3) 
(2a +3)(3a-8) 
(2a-8)(3a +3) 
(2a-4)(3a +6) 
(2a + 6)(3a- 4) 
(2a +4)(3a-6) 
(2a-6)(3a+ 4) 


Common factor 
Common factor 
Common factor 
Common factor 
Common factor 
Common factor 
Common factor 
Common factor 
Common factor 
Common factor 


Common factor 


Common factor 


Common factor 
Common factor 


Common factor - 


Common factor 
Common factor 
Common factor 
Common factor 
16a—9a=7a 

Common factor 


-l6a+9a=-Ta 
Common factor . 


Common factor 
Common factor 
Common factor 
Common factor 


6a* + 7a—24 =(2a-3)(3a +8) 


27. Factors of 5: 1,5 Factors of —14: -1, +14 29. Factors of 6: 1, 6 Factors of —24: -1, +24 
+1,-14 253 +1, -24 
=o ; —2, +12 
+2, -7 +2,-12 

Trial Factors Middle Term on | oy i 
(1b—-1)(5b +14) 14b-5b=9b , 4, +6 
(1b +14)(5b-1) —b +70b = 69b +4, -6 
(1b +1)(5b—14) -14b + 5b = 9b = LJ ests wg Sent 
(1b-14)(5b +1) b-70b = -69b (la—-1)(6a +24) Common factor 

(1b -2\(5b +7) 7b —10b = -3b (la + 24)(6a—1) —a+144a =143a 

(1b +7)(5b-2) 2h +35b =33b ‘ (la + 1)(6a — 24) Common factor 

(1b +2)(5b-7) 7b +10b = 3b (la —24)(6a +1) a-144a=-143a 

(1b -7)(5b +2) - 2b-35b =~-33b (la —2)(6a +12) Common factor 
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31. 


33. 
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Factors of 18: 1, 18 
259 
3,6 

Trial Factors 

(It —1)(18t +5) 

(It + 5)(18t -1) 

(it + 1)(18t — 5) 

(It —5)(18t +1) 

(2t-1)(9t +5) 

(2t + 5)(9t -1) 

(2t +1)(9t -5) 

(2t -5)(9t +1) 

(3t —1)(6t + 5) 

(3t + 5)(6t —1) 

(3t + 1)(6t — 5) 

(3t — 5)(6t +1) 


Factors of —5: -1, +5 
+1,-5 


Middle Term 
5t-18t=—13r © 
—t+90t = 89t 
—5t+18t =13¢t 
t-90t = -89t 
10t-9t =t 
—2t+45t = 43t 
-10¢+9t=-t 
2t — 45t = —43t 
15t —6t = 9t 
—3t +30t = 27t 
—15t+ 6t =—9t 
3t —30t = -27t 


1822 —9r-5 = (3t + 1)(6t-5) 


Factors of 15: 1, 15 
335 


Trial Factors 
(la—1)(15a +21) 
(la + 21)(15a—1) 
(la +1)(15a—21) 
(la —21)(15a +1) 
(la —3)(15a +7) 
(la + 7)(15a — 3) 
(la + 3)(15a—7) 
(la - 7)(15a +3) 
(3a—-1)(S5a +21) 
(3a + 21)(5a—1) 
(3a +1)(5a—21) 
(3a —21)(S5a+1) 
(3a -3)(5a+7) 
(3a + 7)(Sa—3) 
(3a + 3)(5a-7) 
(3a-7)(Sa +3) 


Factors of —21: —1, +21 


+1,-21 

-3, +7 

+3,-7 
Middle Term 
Common factor 
—a+315a=314a 
Common factor 
a-315a=-314a 
Ta — 45a = —38a 
Common factor 
—Ta + 45a = 38a 
Common factor 
63a—5a=58a 
Common factor 
-63a+5Sa=-S8a 
Common factor 
Common factor 
—9a+35a = 26a 
Common factor 
9a —35a = -26a 


15a” +26a-21 = (3a+ 7)(5a—3) 


35. 


37. 


39. 


Factors of 8: 1, 8 
Dea 


Tri ctors 
(ly -1)(8y -15) 
(ly -15)(8y -1) 
(ly —3)(8y - 5) 
(ly -5)(8y — 3) 
(2y-1)(4y -15) 
(2y-15)(4y-1) 
(2y -3)(4y —5) 
(2y-5)(4y — 3) 


Factors of 15: -1, -15 


-3, -5 

Middle Term 
—15y—8y =-23y 
--y-120y =—-121ly 
—Sy —24y = —29y 
-3y—-40y =-43y 
-30y —4y = -34y 
—2y —60y =-62y 
-10y—-12y =-22y 
—6y — 20y = —26y 


8y? —26y +15 =(2y—5)(4y—3) 


Factors of 8: 1, 8 
2,4 


Trial Factors 
(iz —1)(8z +15) 
(1z + 15)(8z-1) 
(iz +1)(8z -15) 
(1z -—15)(8z +1) 
(1z —3)(8z + 5) 
(1z + 5)(8z — 3) 
(1z +3)(8z —5) 
(Iz —5)(8z +3)” 
(2z-1)(4z +15) 
(2z +15)(4z-1) 
(2z+1)(4z-15) 
(2z-15)(4z +1) 
(2z —3)(4z +5) 
(2z +5)(4z — 3) 
(2z +3)(4z —5) 
(2z-—5)(4z +3) 


Factors of -15: -1, +15 
+1,-15 
-3, +5 

, +3, -5 

Middle Term 

15¢-8z=7z 

+z +120z =119z 

—15z+8z=-7z 

z—120z =—-119z 

5z—24z =-19z 

—3z + 40z =37z 

—5z + 24z =19z 

3z—40z = -37z 

30z — 4z = 26z 

—2z + 60z = 58z 

—30z + 4z = —26z 

2z -60z = -58z 

10z-12z=-—2z 

—6z + 20z = 14z 

-10z+12z =2z 

6z —20z = -14z 


82? +2z-15 =(2z+3)(4z-5) 


Factors of 3: 3, 1 


Trial Factors 

(3x +5)(1x -1) 
(3x -5)(.x +1) 
(3x +1)(x-5) 
(3x -1)(1x +5) 


Factors of -5: -1, +5 
+1,-5 

Middle Term 

—3x+5x=2x 

3x —5x =-2x 

-—15x+x=-14x 

15x-x=14x 


3x? +14x-5 =(3x-1)(x+5) 


41. 


43. 


45. 


—_ 


Factors of 12: 1, 12 


? 


6 
,4 


Wn 


Trial Factors 

(1x +1)(12x +12) 
(lx +12)(12x +1) 
(1x + 2)(12x + 6) 
(1x +6)(12x+2) 
(1x +3)(12x + 4) 
(Ix +4)(12x +3) 
(2x +1)(6x +12) 
(2x +12)(6x +1) 
(2x + 2)(6x + 6) 
(2x +6)(6x +2) 
(2x +3)(6x + 4) 
(2x +4)(6x +3) 
(3x +1)(4x +12) 
(3x +12)(4x +1) 
(3x +2)(4x +6) 
(3x +6)(4x + 2) 
(3x +3)(4x +4) 
(3x + 4)(4x +3) 


Factors of 12: +1, +12 
+2, +6 
+3, +4 

Middle Term 

Common factor 

x+144x =145x 

Common factor 

Common factor 

Common factor 

Common factor 

Common factor 

2x + 72x = 74x 

Common factor 

Common factor 

Common factor 

Common factor 

Common factor 

Common factor 

Common factor 

Common factor 

Common factor 

9x +16x = 25x 


12x? + 25x +12 =(3x+4)(4x+3) 


Factors of 3: 1, 3 


Trial Factors 

(1z +1)(3z +10) 
(1z +10)(3z +1) 
(1z + 2)(3z +5) 
(1z +5)(3z +2) 


3z? +95z+10 is nonfactorable over the integers. 


Factors of 3: 1, 3 


Trial Factors 

(Ix —ly)(3x + 2y) 
(Ix + 2y)(3x-1y) 
(1x + 1ly)(3x-2y) 
(lx —2y)(3x +1ly) 


Factors of 10: +1, +10 
+2, +5 


Middle Term 
10z+3z =13z 
z+30z =31z 


- §z+6z=11z 


2z+15z=17z 


Factors of —2: -1, +2 
+1,-2 

Middle Term 

2xy — 3xy = —xy 

—xy + Oxy = Sxy 

—2xy + 3xy = xy 

xy — 6xy = —Sxy 


3x? + xy- 2y? =(x+y)(3x-2y) 


47. Factors of 28: 1; 28 
2,14 


4,7 

Trial Factor: 
(1=1z)(28 + 12z) 

(1 +1z)(28 —1z) 

(2 —1z)(14 +12z) 

(2 +1z)(14 —12z) 
(4-1z)(7 +12z) 

(4 +1z)(7 -1z) 
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Factors of —1: -1, +1 


Middle Term 
2-282 =-272 
—Z+28z = 272 
2z-14z=-12z 
—2z2+14z =12z 
4z-7z =-3z 
—47+7z =3z 


28+3z-z7 =(4+2)(7-2) 


49. Factors of 8: 1,8 
2,4 
Trial Factors 
(1—1x)(8 + 1x) 
(1+1x)(8—1x) 
(2-1x)(4+1x) 
(2+1x)(4-1x) 


Factors of —1: -1, +1 
Middle Term 
x—-8x=-7x. 
—x+8x=7x 

2x -4x =-2x 
—2x+4x=2x 


8-7x-x? =(1-x)(8+x) 


51. The GCF is 3. 


9x? +33x—60 = 3(3x2 +11x—-20) 


Factor the trinomial. 


Factors of 3: 1,3 


Trial Factors 
(1x —1)(3x + 20) 
(1x + 20)(3x -1) 
(Ix + 1)(3x — 20) 
(1x —20)(3x +1) 
(1x —2)(3x +10) 
(1x +10)(3x-2) 
(1x + 2)(3x —10) 
(1x —10)(3x +2) 
(Ix -4)(3x +5) 
(1x +5)(3x-4) 
(lx + 4)(3x —5) 
(Ix -5)Gx+4) 


Factors of —20: —1, +20 
+1, -20 
—2, +10 
+2, -10 
—4, +5 

; +4, -5 

Middle Term 

20x —3x =17x 

—x + 60x =59x 

—20x + 3x =-17x 

x—60x =-59x 

10x -6x = 4x 

—2x+30x = 28x 

-10x+6x =-4x 

2x —30x = —-28x 

5x -12x =-7x 

4x +15x =11x 

—-5x+12x =7x 

4x-15x =-11x 


‘Ox? +33x-60 = 3(x +5)(3x-4) 
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53. The GCFis 4. 
24x? —52x+24 = 4(6x” -13x +6) 


Factor the trinomial. 


Factors of 6: 1, 6 


Factors of 6: —1, -6 


61. The GCF is 2y. 
10y? —44y? + 16y =2y(Sy? —22y +8) 


Factor the trinomial. 


Factors of 5: 1,5 


Factors of 8: —1, -8 


D3 -2, -3 -2,-4 
Trial Factors Middle Term Trial Factors Middle Term 
(Ix —1)(6x — 6) Common factor (ly -1)(y—8) -8y —Sy =-13y 
(1x — 6)(6x -1) —x —36x =—37x (ly-8)(Sy-1) —y-40y =-4ly 
(1x —2)(6x —3) Common factor (ly —2)(Sy—4) —4y-10y=-14y 
(1x —3)(6x —2) Common factor (ly — 4)(Sy — 2). —2y —20y = —22y 


(2x -1)(3x -6) 
(2x -— 6)(3x -1) 
(2x —2)(3x —3) 
(2x —3)(3x -2) 


Common factor 
Common factor 
Common factor 
—4x -9x =—-13x 


63. 


10y? — 44y? +16y = 2y(y— 4)(5y—2) 


The GCF is yz. 


Ayz? + 5yz” —6yz = yz(4z? +5z—6) 


Factor the trinomial. 


2Ax? —-52x+24= 4(2x —3)(3x -2) Factors of 4: il, 4 Factors of -6: -l, +6. 


Dee, +1,-6 

—2, +3 

55. The GCFis a’. ins 
35a* +9a? -2a? =a? (35a? +9a- 2a TaaliRacton Middle Term 


Factor the trinomial. 


Factors of 35: 1, 35 Factors of —2: -1, +2 (Iz 1)(4z + 6) Common factor 

aay, +1,-2 (1z + 6)(4z—-1) —z+24z =23z 
Trial Factors Middle Term (1z +1)(4z-6) Common factor 
(la—1)(35a + 2) 2a—35a = —33a (1z-—6)(4z +1) z—-24z = -23z 
(la + 2)(35a —1) —a+70a = 69a (1z—2)(4z +3) 3z-8z =—5z 
(la + 1)(35a-2) —2a + 35a = 33a (Iz + 3)(4z —2) Common factor 
(la — 2)(35a +1) a—70a = -69a (1z + 2)(4z-3) —3z+8z=5z 
(Sa-1)(7a +2) 10a —7a = 3a (1z —3)(4z +2) Common factor 
(Sa +2)(7a—1) —Sa+14a=9a (2z-1)(2z +6) Common factor 
(Sa+1)(7a-2) -10a + 7a =-3a (2z +1)(2z-6) Common factor 
(Sa—2)(7a+1) Sa-14a=-9a 


35a* + 9a? -— 2a? =a*(5a+2)(Ta-1) 


(2z—2)(2z +3) 
(2z+2)(2z-3) 


Common factor 
Common factor 


57. The GCF is 5. Ayz? + Syz? — 6yz = ye(z +2)(4z-3) 
15b? -115b +70 = 5(3b? — 23b +14) 
Factor the trinomial. 
Factors of 3: 1,3 Factor of 14; -1, -14 
-2,-7 
Trial Factors ' Middle Term 
(1b -1)(3b.-14) -14b-3b=-17b 
(1b -14)(3b -1) —b—42b =-43b 
(1b — 2)(3b -7) —7b —6b = -13b 
(1b —7)(3b —2) —2b —21b = -23b 
15b? -115b +70 = 5(b— 7)(3b —2) 
59. The GCF is 2x. 


10x? +12x? +2x =2x(5x? + 6x +1) 


Factor the trinomial. 
Factors of 5: 1, 5 


Factors of 1: +1, +1 


Trial Factors Middle Term | 
(Ix +1)(5x +1) x+5x =6x 


10x? +12x? +2x = 2x(x+1)(5x +1) 


65. The GCFis b?. 


20b* + 41b? + 20b? = b?(20b? + 41b +20) 
Factor the trinomial. 
Factors of 20: 1, 20 


Factors of 20: +1, +20 


2,10 +2, +10 
4,5 +4, +5 

Trial Factors Middle Term 
(1b + 1)(20b + 20) Common factor 
(1b + 20)(20b +1) b+400b = 401b 
(1b + 2)(20b +10) Common factor 
(1b +10)(20b + 2) Common factor 

(1b + 4)(20b + 5) Common factor 
(1b + 5)(20b + 4) - Common factor 
(2b +1)(10b + 20) Common factor 
(2b + 20)(10b +1) Common factor 
(2b + 2)(10b + 10) Common factor 
(2b +10)(10b + 2) Common factor 
(2b + 4)(10b +5) Common factor 
(2b + 5)(10b + 4) Common factor 
(4b +1)(5b + 20) Common factor 
(4b + 20)(5b +1) Common factor 
(4b + 2)(5b +10) . Common factor 
(4b +10)(Sb + 2) Common factor 
(4b + 4)(5b +5) Common factor 
(4b + 5)(5b + 4) 16b+25b =41b 


20b* + 41b? + 20b2 = b2(4b +5)(5b +4) 


67. The GCF is xy. . 
9x3 y+12x7 y+ 4axy = xy(9x? +12x+4) 
Factor the trinomial. 


Factors of 9: 1,9 Factors of 4: +1, +4 


3,3 +2, +2 
Trial Factors Middle Term 
(1x +1)(9x + 4) 4x+9x =13x 
(Ix +4)(9x +1) x+36x =37x 
(1x + 2)(9x +2) 2x +18x = 20x 
(3x +1)(3 + 4) 12x +3x =15x 
(3x + 2)(3x +2) 6x + 6x =12x 


9x3 y +12x7 y+ 4xy = xy(3x +2)(3x +2) 
Objective 2 Exercises 


69. 2t7-t-10 
2(-10) = —20 
Factors of —-20 whose sum is —1: 4 and -5 
22? —t-10 = 227 + 4t-5t-10 
= (2? +42) — (St +10) 
= 2t(t+2)—S(t+ 2) 
= (t+2)(2t-5) 


71. 


73. 


15: 


ils 


79. 


81. 


83. 
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3p? -16p+5 
3-5=15 
Factors of 15 whose sum is —16: -1 and -15 


3p? -16p+5=3p* -—p-15pt5 


= (3p” - p)-(15p-5) 
= p3p-1)-5(3p-1) 
=(3p-1)(p-5) 


12y7— Ty 41 
12-1=12 
Factors of 12 whose sum is —7: —3 and 4 
12y? —-7y+1=12y? -3y-4y41 
: = (12y? -3y)-(4y-1) 
= 3y(4y-1)-1(4y-1) 
=(4y-)NGBy-]) 


5x? -62x-7 
5(-7) = -35 
There are no factors of -35 whose sum is —62. 


5x” -62x-7 is nonfactorable over the integers. 


l2y* +19y+5 
12-5=60 
Factors of 60 whose sum is 19: 4 and 15 


12y? +19y+5=12y? +4y+15y+5 


=(12y? +4y) +(15y +5) 
= 4y(3y +1) +53y+1) 
= (3y+1)(4y +5) 

Ta* +47a-14 

1(-14) = -98 


Factors of -98 whose sum is 47: 49 and —2 
Ta? +47a-14=7a* +49a-2a-14 
=(Ta? + 49a)-(2a+14) 
= Ta(a+7)-2(at7) 
=(a+7)(Ta-2) 


4z2 +112 +6 
4-6=24 
Factors of 24 whose sum is 11: 3 and 8 
42? +11z+6 = 42 +3z+8z+6 
= (4z* +3z)+(8z+6) 
= 2(4z + 3) + 2(4z +3) 
= (47+ 3)(z +2) 


22p* +51p-10 
'22(-10) = -220 


- Factors of -220 whose sum is 51: 55 and -4 


22p* +51p-10 =22p” +55p—4p-10 
- =(22p? +55p)—(4p +10) 
=11p(2p+5)-2(2p+5) 
=(2p+5)(11p—2) 
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85. 


87. 


89. 


91. 


93. 


95. 


97. 
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8y* +17y +9 
8-9=72 : 
Factors of 72 whose sum is 17: 8 and 9 


By” +17y +9 =8y" +8y+9y+9 


= (8y? +8y)+ Oy +9) 
=8y(y+1)+%(y +1) 
=(y+1)(8y +9) 

6b? -13b+6 

6-6 =36 


Factors of 36 whose sum is —13: —9 and -4 
6b? -13b +6 = 6b? -9b-4b+6 
= (6b? - 9b) - (4b -6) 
= 3b(2b —3) -2(2b -3) 
=(2b—3)(3b—2) 


33b? +34b-35 
33(-35) = -1155 : 
Factors of -1155 whose sum is 34: 55 and —21 
33b2 +34b—35 = 33b2 + 55b—21b-35 
= (33b* +55b)—(21b + 35) 
= 11b(3b +5)—7(3b +5) 
= (3b +5)(11b-7) 


18y? —39y +20 
18-20 = 360 
Factors of 360 whose sum is —39: —15 and —24 
18y? —39y +20 =18y? —15y—24y +20 
= (18y? —15y)—(24y-20) 
= 3y(6y —5)— 4(6y - 5) 
= (6y—5)By—4) 


15x? -82x+24 

15-24 =360 

There are no factors of 360 whose sum is —82. 
15x? -82x +24 is nonfactorable over the 
integers. 


1022 —29z +10 
10-10 =100 
Factors of 100 whose sum is —29: —4 and —25 
1022 —29z +10 = 102” —4z-25z+10 
=(10z? ~4z)—(25z-10) 
= 22(5z— 2) —5(5z—2) 
= (5z-—2)(2z—5) 


3627 +722+35 
36-35 =1260 
Factors of 1260 whose sum is 72: 30 and 42 
36z* +722 +35 = 3622 +30z+4224+35 
= (3627 +30z)+(42z+35) 
= 62(6z +5) + 7(6z +5) 
= (6z+5)(6z+7) 


99. 


101. 


103. 


105. 


107. 


109. 


14y? -29y+12 
14-12 =168 
Factors of 168 whose sum is -29: -21 and -8 
14y? -29y +12 =14y” —21y-8y+12 
= (14y” —21y)-(8y-12) 
= Ty(2y -3)-4(2y-3) 
= (2y—3)(7y -4) 


6x? +35x-6 
6(-6) = —36 
Factors of —36 whose sum is 35: 36 and —1 
6x? +35x—6 = 6x" +36x-x-6 
= (6x? +36x)—-(x+6) 
= 6x(x + 6)—-1(x +6) 
=(x+6)(6x-1) 


12x* +33x-9 
The GCF is 3. : 
12x? +33x—-9 = 3(4x” +11x-3) 
4(-3) = -12 
Factors of -12 whose sum is 11: 12 and —1 
12x? +33x—9 = 3(4x? +11x-3) 
= 3(4x? +12x-x -3) 
= 3(4x2 +12x)-(x+3)] 
= 34x(x +3)-1(x +3)] 
= 3(x+3)(4x-1) 


30y? +10y-20 

The GCF is 10. 

30y” +10y—20 =10(3y* + y—2) 

3(-2) =-6 

Factors of —-6 whose sum is 1: —2 and 3 

30y? +10y - 20 =10(3y* + y—2) 
=10(3y? —-2y+3y—-2) 
= 10[Gy? -2y)+ By-2)] 
=10[LyGy — 2) +1Gy-—2)]} 
=103y-2)(y +1) 


2x3 —3x? —5x 
The GCF is x. 
2x3 -3x? —5x = x(2x? -3x-5) 
2(-5) =-10 
Factors of -10 whose sum is —3: —5 and 2 
2x3 -—3x? —5x = x(2x? -3x-5) 
= x(2x” —5x+2x—5) 
= x{(2x? -5x)+(2x-5)] 
= x[x(2x —5)+1(2x—5)] 
= x(2x-5)(x +1) 


2a* —9ab + 9b? 
2-9=18 
Factors of 18 whose sum is —9: —3 and -6 
2a? -9ab + 9b? = 2a” —3ab —6ab + 9b2 
= (2a? —3ab) - (6ab - 9b?) 
= a(2a —3b) — 3b(2a — 3b) 
= (2a-3b)(a—3b) 


111. 


113. 


115. 


117. 


119. 


2y? +7yz+522 
2:5=10 
Factors of 10 whose sum is 7: 2 and 5 


2y” +7yz+ 527 = 2y? +2yz+5yz +52" 


= (2y* + 2yz) + (5yz +52”) 
= 2yy +z) +5z(y +z) 
=(y+z)(2y + 5z) 
18+17x—x2 
18(-1) =-18 


Factors of -18 whose sum is 17: 18 and —1 

18+17x-—x? =18+18x—x-x2 
=(18+18x)-(x +x?) 
=18(1+x)-—x(1+x) 
=(1+x)(18—- x) 


360y? +4y-4 
The GCF is 4. 


360y? +4y—4 = 4(90y? + y-1) 
90(-1) = -90 


- Factors of -90 whose sum is 1: —9 and 10 


360y” +4y-4 = 4(90y* + y-1) 
= 4(90y? -9y +10y—1) 
= 4[(90y? - 9y) + (10y-1)] 


= 4(9y(10y—1)+100y—1)] 
= 4(10y —1)9y +1) 


16t? + 40¢-96 
The GCF is 8. 
16t? + 40¢ -96 = 8(2r +. 5t-12) 
2(-12) =-24 
Factors of —24 whose sum is 5: 8 and —3 
1617 + 401 - 96 = 8(2r2 + 5t—12) 
= 8(2t? +8¢—-3t-12) 
= 8[(2t7 + 82) -(3¢ +12)] 
= 8[2r(t + 4) -3(¢ + 4)] 
= 8(t + 4)(2t-3) 


6p? +5p- +p 

The GCF is p. 

6p? +5p" +p = p(6p” +5p+1) 

6-1=6 

Factors of 6 whose sum is 5: 2 and 3 

6p? +5p? +p= p(6p” +5p+1) 
= p(6p? +2p+3ptl) 
= pl(6p” +2p)+ 3p +) 
= p[2p3p+1)+13p+)] 
= p3pt1)\(2p +1) 


121. 


123. 


125. 


127. 
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30z7 -872 +30 
The GCF is 3. 
302? —87z +30 = 3(10z2 —29z +10) 
10-10 = 100 
Factors of 100 whose sum is —29: —25 and -4 . 
302? —87z +30 = 3(10z2 —29z +10) 
= 3(10z” —25z-4z+10) 
= 3[(10z? -25z)-(4z-10)] 
= 3[52(2z — 5) —2(2z-5)] 
= 3(2z-—5)(5z—2) 


42a} + 45a? -27a 
The GCF is 3a. 


42a? + 45a? - 27a = 3a(14a? +15a—9) 
14(-9) = -126 


_ Factors of -126 whose sum is 15: 21 and-6 


42a? + 45a” -27a =3a(14a? +15a—9) 
=3a(14a? +21a—6a-9) 
=3a{(14a? +21a)-(6a+9)} 
= 3a{7a(2a + 3) - 3(2a + 3)] 
= 3a(2a + 3)(Ta-3) 


9x7y = 30xy? + 25y? 

The GCF is y. 

9x7 y—30xy? + 25y? = y(9x2 — 30xy + 25y?) 
9-25 =225 

Factors of 225 whose sum is —30: -15 and -15 


9x7 y —30xy? +25y° 

= y(9x? -30xy + 25y”) 

= y(9x? —15xy-15xy + 25y*) 

= yl(9x? - 15xy) - (15xy - 25y”)] 

= y[3x(3x -5y) —5y(3x —Sy)] 

= y(3x — Sy)(3x - Sy) 

9x>y - 24x? y? + 16xy? 

The GCF is xy. 

9x2 y—24x7y? +16xy? = xy(9x? —24xy + 16y?) 


9-16=144 
Factors of 144 whose sum is —24: -12 and —-12 


9x3 y —24x?y? + 16xy° 
= xy(9x? —24xy+16y") 


"= xy(9x? -12xy-12xy+16y”) 


= xy[(9x* -12xy)— (12xy -16y”)] 
= xy[3x(3x —4y) —4y(3x - 4y)] 
= xy(3x —4y)(3x —4y) 
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Applying Concepts 8.3 


129. The GCF is 2y. 


131. 


Chapter 8: Factoring 


6y+8y? — 26y? = 2y(3 + 4y? —13y) 


Factor the trinomial. 


3+4y? -13y =4y? -13y+3 


Factors of 4: 1, 4 
Dee 
Trial Factors 
(y-1)(4y-3) 
(y-3)(4y-D 
(2y-1)2y-3) 


Factors of 3: -1, -3 


Middle Term 
=) Ay == 
-y-12y=-13y 
—by -2y =—8y 


6y + 8y? — 26y = 2y(y-3)(4y-1) 


The GCF is ab. 


a°b—24ab - 2a7b = ab(a? -24-2a) 


Factor the trinomial. 


a? -24-2a=a*-2a-24 


Factors of 1: 1, 1 


Trial Factors 
(at1)(a-24) 
(a-1)(a+ 24) 
(a+2)(a-12) 
(a-—2)(a+12) 
(a+3)(a-8) 
(a-3)(a+8) 
(a+4)(a—6) 
(a—4)(a+6) 


Factors of —24: +1, -24 
—1, +24 
+2,-12 
—2, +12 
+3, -8 
—3, +8 
+4,-6 
—4, +6 

Middle Term 

—24a+a=-23a 

24a-—a=23a 

-12a+2a=-10a 

12a-—2a=10a 

—8a+3a =-Sa 

8a-—3a=Sa 

-—6a+4a=-2a 

6a—-4a=2a 


a°b—24ab —2a7b = ab(a+4)(a-6) 


133. The GCF is 5. 


135. 


137. 


25t2 +60t—1019 = 5t(5t +12 -217) 


Factor the trinomial. 


5¢+12—21? =12+5t-21? 


Factors of 12: 1, 12 
256 
3,4 


Trial Factors 
(1+1)02-2) 
(1-112 + 22) 
(1+22)(012 -1) 
(1—22)(12 +1) 
(2+1£)(6— 21) 
(2 -1)(6 + 2t) 
(2 +2t)(6-t) 
(2-21)(6 +1) 
(3+1)(4—-2t) 
(3-1)(4+2r) 
(3+ 2t)(4—-1) 
(3-21)(4+1) 


Factors of —2: +1, —2 
-1, +2 


Middle Term 
Common factor 
Common factor 
—t+24t = 23t 
t—24t =—-23t 
Common factor 
Common factor 
Common factor 
Common factor 
Common factor 
Common factor 
—3t + 8t = St 
3t-—8t =—St 


25t? + 60t—10t? = 5¢(3 + 2t)(4—1) 


Ay +2)? -(y+2)-3 


Ay? +4y+4)-(y+2)-3 


2y? +8y+8-y-2-3 

2y? +7y+3 

Factors of 2: 1, 2 
Trial Factors 
(2y+1)(y +3) 
(2y+3)(y+1) 


Factors of 3: 1,3 
i Te 

Sy ty S Ty 

2y+3y=Sy 


Uy +2)? —(y+2)-3 =(2y+1(y +3) 


10(x +1)? -11(x+1)-6 


10(x? +2x+1)-11(x+1)-6 
10x? +20x+10-11x-11-6 


10x? +9x-7 
Factors of 10: 1, 10 
235) 


Trial Factors 


(x-1)(10x +7) 
(x +1)(10x-7) 
(x +7)(10x-1) 
(x-7)(10x +1) 
(2x -1)(5x +7) 
(2x +1)(5x-7) 
(2x -7)(5x +1) 
(2x +7)(5x-1) 


Factors of 7: -1, 7 
1,-7 

Middle Term 

7x -10x =-3x 

—Tx +10x = 3x 

—x+70x = 69x 


‘x-—70x =-69x 


14x-5x =9x 
—14x+5x =-9x 
2x — 35x = —-33x 
—2x +35x =33x 


10(x +1)? —11(x +1) -6 =(2x-1)(5x +7) 


139. Factors of 2: 1,2 Factors of 3: +1, +3 


-1,-3 
Trial Factors Middle Term 
(x +1)(2x +3) 3x+2x =5x 
(x=1)(2x—3) —3x-2x=-5x © 
(x +3)(2x +1) x+6x=7x 
(x —3)(2x-1) 


—-x-6x =-7x 
k=5,-5,7, or -7 


141. Factors of 3: 1,3 Factors of 2: +1,; +2 


-1,-2 
Trial Factors Middle Term 
(x +1)(3x +2) 2x+3x=5x 
(x -1)(3x-2) —2x -3x =-5x 
(x +2)(3x +1) x+6x=7x 
(x -2)(3x-1) 


—x-6x =—-7x 
k=5, -5,7, or —7 


143. Factors of 2: 1,2 Factors of 5: +1, +5 


-1,-5 
Trial Factors Middle Term 
(x+1)(2x+5) - 5x +2x = 7x 
(x -1)(2x -5) -—5x-2x =-7x 
(x +5)(2x +1) x+10x =11x 
(x -5)(2x-1) -x-10x =-11x 


k=7, -7,11, or -11 


145. Ifx+2isa factor of x? -2x” -5x+6. 
x? —4x43 
x+2)x3 —2x? -5x+6 
x3 42x? 
—4x? —5x 
4x? -8x 
A+ 6 
3x+6 
- 0 
x? -4x+3=(x-3)(x-1) 
x? —2x? -5x+6=(x+2)(x—-3)(x-1) 
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Concept Review 8.4 


1. Never true 


x” -12 is not the difference of two squares 
because 12 is not a perfect square. 


3. Sometimes true 
x? +4 is nonfactorable over the integers. 
5. Always true 


7. Never true 
A perfect-square trinomial contains three terms, 
not four. If a polynomial consists of four terms, 
try to factor it by grouping. 
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Objective 1 Exercises 


1. 


11. 


13. 


15. 


17. 


19. 


21. 


Answers will vary. 

ax 16 

b. (x+7)(x-7) 

c. x? 410x425 

d. (x—3)? 

e. x7 +36 

x? —4=x7 -2? =(x+2)(x-2) 

a” -81=a* -9* =(a+9)(a-9) 
4x? -1=(2x)* -1? =(2x+ 12x =i) 


y? +2y+1 
y? =(y)?, 1 =12 


(y+)? =y? +2(y)(1) +1? = y? +2y41 
The factorization checks. 


y* +2y+1=(yt1)? 


a -2a+1 
a? =(a)?,1=17 


(a-1)* =a? +2(a)(-1)+(-1)? =a’ -2a+1 
The factorization checks. 


a? -2a+1=(a-1)* 


27 -18z-81 
z=(z)" 


-81 is not a square because /-81 is not a real 
number. 


z” -18z—81 is nonfactorable over the integers. 
x§ ~9 = (x3)? -3? = (x? +3)(x° -3) 

25x” —1= (5x)? -1? =(5x+1)(5x-1) 

1- 49x? =17 -(7x)* =(1+7x)(—7x) 

xe + 2xy+ y? 

x?'=(x)*,y? =(y)? 


(x+y)? =x? +2(x)(y) + y? =x? +2xy+y* 
The factorization checks. 


x? +2xyty* =(xty)? 

4a? +4a+1 

4a? =(2a)*,1=17 

(2a +1)? =(2a)* + 2(2a)(1) +1? = 4a? +4041 


The factorization checks. 


4a? +4a+1=(2a+1)* 
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25. 


27. 


29. 


31. 


33. 


35. 


37. 


39. 


41. 


43. 


45. 


Chapter 8: Factoring 


64a2 -16a+1 
64a =(8a)*,1=17 © 
(8a—1)? = (8a)? + 2(8a)(-1) + (-1)" 


= 64a" -16at1 
The factorization checks. 


64a” -16a+1=(8a-1)? 


1? +36 is the sum, not the difference, of two 


squares. t? +36 is nonfactorable over the 
integers. 


x4 — y? = (x)? -(y)? = (x? + (x? -y) 
9x? —16y* =(3x)* -(4y)* = (x4 4y)(3x-4y) 


16b7 +8b+1 

16b” =(4b)?,1=17 

(4b +1)? = (4b)? + 2(4b)(1) +17 =16b? +8b +1 
The factorization checks. 

16b? +8b+1=(4b +1)" 


4b? +28b +49 
4b* =(2b)", 49 =77 
(2b +7)? = (2b)? + 2(2b)(7) + 7” 


= 4b? +28b+49 
The factorization checks. 


4b* +28b +49 = (2b +7)" 


25a +30ab + 9b” 
25a? =(Sa)”, 9b” = (3b)? 
(5a+3b)* =(5a)* + 2(5a)(3b) + (3b) 


= 25a? +30ab+ 9b? 
The factorization checks. 


25a? +30ab + 9b? =(5at+3b)” 
xy? —4 = (xy)? —2? = (xy +2)(xy-2) 
16-x7y? = 4? -(xy)? = (4+ 2y)(4-29) 


4y? —36yz+81z" 

4y? =(2y)2, 8122 =(9z)? 

(2y-92z)? =(2y)? +2(2y)(-9z) + (-9z)? 
= dy? -36yz +8122 

The factorization checks. 

4y* -36yz+81z2 =(2y—92z)? 


9a*b* —6ab +1 
9a*b? = (3ab)*,1=17 
(ab -1)? =(3ab)* + 2(3ab)(-1) + (1)? 


=9a7b? -6ab+1 
The factorization checks. 


9a*b* —6ab +1 = (3ab—-1)* 


47. 


49. 


51. 


m4 -256 =(m?)* -162 =(m? +16)(m? - 16) 
=(m? +16)(m? — 47) 
=(m? +16)(m+ 4)(m-4) 


9x? +13x4+4 

9x? = (3x)?,4=2? 

(3x +2)? =(3x)* +2(3x)(2) +2? =9x? +12x+4 
The factorization does not check. 

Factors of 36 whose sum is 13: 4 and 9 


Ox? +13x+4=9x7 +4x4+9x44 


= (9x? +4x)(9x +4) 
= x(9x+4)+1(9x+4) 
=(9x+4)(x +1) 


y8-81=(y4)? -9? =(y4 + 9(y4 -9) 
=(y* +9)[(y?)? -37] 
=(y* +9)(y? +3)(y? -3) 


Objective 2 Exercises 


53. 


55, 


57. 


59. 


61. 


63. 


65. 


67. 


69. 


71. 


73. 


2x? -18 = 2(x? -9) = A(x +3)(x-3) 


x* +2x3 —35x2 = x?(x? +2x-35) 
= x2(x+7)\(x—-5) 


5b? +75b +180 = 5(b* +15b +36) 
= 5(b+3)(b +12) 


3a? +36a +10 is nonfactorable over the integers. 


2x7y +16xy — 66y = 2y(x? +8x -33) 
= 2y(x-3)(x +11) 


x? -6x7 -5x= x(x? —6x-5) 
3y* -36 = 3(y? -12) 


20a? +12a+1=20a” +2a+10a+1 


= (20a? + 2a) + (10a +1) 
=2a(10a +1) +1(10a +1) 
=(10a+1)(2a +1) 


xy? —Txy? -8y? = y? (x? os 7x —8) 
= y*(x-8)(x+1) 


10a? -5ab-15b? = 5(2a” —ab—3b7) 
_ = 5(2a* —3ab + 2ab- 3b”) 
= 5[(2a? —3ab) + (2ab — 3b7)] 
= S[a(2a — 3b) + b(2a —3b)]} 
= 5(2a—3b)(a +b) 


50 —2x* = 2(25-x*) =2(5+.x)(5—x) 


75. 


77. 


79. 


81. 


83. 


85. 


87. 


89. 


91. 


93. 


95. 


97. 


12a3b -a*b? - ab? 

= ab(12a* -ab-b*) 

= ab(12a” - 4ab +3ab—b?) 

= ab{(12a? — 4ab) + (3ab — b?)] 
= ab[4a(3a—b) + b(3a—b)] 

= ab(3a—b)(4a +b) 


2ax — 2a + 2bx —2b = 2(ax —a+bx—b) 
= 2[(ax —a)+(bx —b)] 
= 2[a(x -1)+ b(x-1)] 
= 2(x-1)(a+b) 


12a? -12a? +3a =3a(4a? - 4a +1) 
=3a(2a-1)? 


243+ 3a? =3(81+a7) 


12a? - 46a? + 40a = 2a(6a” — 23a + 20) 
= 2a(6a” -15a—8a + 20) 
= 2a{(6a” - 15a) —(8a —20)] 
= 2a[3a(2a-5)-4(2a—-5)] 
= 2a(2a—-5)(3a—4) 


x? -2x? -x+2=(x° —2x*)-(x-2) 
= x?(x-2)-1(x-2) 
=(x-2)(x? -1) 
=(x-2)(x+1)(x-1) 


4a? + 20a? + 25a = a(4a* +20a+25) 
=a(2a+5)* 


27a7b -18ab + 3b = 3b(9a2 — 6a +1) 
= 3b(3a-1)? 


48-12x-6x? =6(8—2x-x) 
= 6(8+2x—4x-x*) 
= 6[(8 + 2x)-(4x+x7)] 
= 6[2(4+ x)—x(4+x)] 
= 6(4+x)(2-x) 


ax? —4a+ bx? — 4b = (ax? - 4a) +(bx? - 4b) 
= a(x? —4)+b(x? -4) 
=(x* —4)(a+b) 
=(x+2)(x-2)(at+b) 


x4 —x2y? = x?(x?-y?) = x7 (xt y(x-y) 


18a? + 24a? +8a = 2a(9a* +12a+ 4) 
= 2a(3a + 2)? 


2b + ab -6a7b = b(2+a-6a") 
= b(2-3a+4a-6a*) 
= b[(2—3a) + (4a-6a)] 
= b[l(2 -3a) + 2a(2 -3a)] 
= b(2 -3a)(1+ 2a) 


101. 


103. 


105. 


107. 


109. 


111. 


113. 


115. 


117. 


119. 


121. 
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4x-—20-x° +5x? =(4x-20)-(x3 -5x?) 
= 4(x-5)-x?(x-5) 
= (x-5)(4—x") 
=(x-5)(2+x)(2-x) 


T2xy* + 48xy +8x =8x(9y" +6y +1) 
=8x(3y+1)? 


15y? ~2xy? - xy? = y2(15-2x— x?) 
= y?(15+3x—-5x-x?) 
= y*[(15+3x) -(5x+x7)] 
= y*[3(5+x)—x(5+x)] 
= y?(5+x)(3-x) 


y? -9y = Wy” -9) = y(y +3(y—3) 


2x4? =2x7y2 = 2x7 y?(x2 -1) 
= 2x*y?(x+1)(x-1) 


vy -x = x°(x4 -l)= x(x? +1)(x? -) 
= x(x? +1)(x+1)\(x-1) 


24x3y + 14x7y — 20xy 

= 2xy(12x? +7x-10) 

= 2xy(12x? +15x—-8x-10) 

= 2xy[(12x? +15x) - (8x +10)] 
= 2xy[3x(4x +5)-2(4x+5)] 
= 2xy(4x +5)(3x -2) 


Ax4y? - 20x? y? + 25x7y? 
= x*y?(4x* —20x +25) 
= x?y?(2x - 5)? 


x? -2x? -4x+8=(x? -2x7)-(4x-8) 
= x?(x-2)-4(x-2) 
=(x-2)(x? -4) 
=(x-2)(x+2)(x-2) 
=(x-2)*(x+2) 


8xy" = 20x” y? + 12x3y? 

= 4xy"(2-5x+3x") 

= 4xy?(2-2x-3x+3x7) 

= 4xy?[(2-2x)-(3x-3x7)] 
= 4Axy”[2(01- x) -3x(1-x)] 
= 4xy?(1— x)(2-3x) 


36a°b — 62a7b* +12ab> 

= 2ab(18a* -31ab + 6b”) 

= 2ab(18a? -27ab - 4ab + 6b”) 

= 2ab[(18a2 -27ab) - (4ab- 6b7)] 
= 2ab[9a(2a - 3b) — 2b(2a - 3b) 

= 2ab(2a—-3b)(9a— 2b) 
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123. 


125. 


127. 
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5x7y? Shy? -12x4y? 

= xy?(5-11x-12x”) 

= x7 y2(5+4x—-15x-12x7) 

= x7y?[(5+4x)— (15x +12x?)] 
= x*y7[1(5+4x) -3x(5+4x)] 
= xy? (5+ 4x)(1-3x) 


(4x-3)? —y? =(4x-3-y)(4x-3+y) 


(x? -4x+4)-y? =(x-2)? -y? 
=(x-2-y)(x-2+y) 


Applying Concepts 8.4 


129. 


131. 


133. 


135. 


137. 


139. 


Ax? —kxe +9 
4x? =(2x)*,9 =3? 
(2x +3)? = (2x)? + 2(2x)(3) +32 =4x7 +12x+9 
(2x —3)? =(2x)? + 2(2x)(—-3) + (-3)? 
= 4x7 -12x+9 
—kx=12x —kx=-12x 
kx =-12x kx=12x 
=-12 k=12 
k=12or-12 


36x? + kxy+ y? 

36x? =(6x), y? =(y)? 

(6x +y)? = (6x)? +2(6x)(y) + y” 
= 36x? +12xy+y? 

(6x—y)” =(6x)* +2(6x)(-y) + (-y)” 
= 36x? - 12xy +y? 

kxy=12xy key =-l2xy 

k=12 k=-12 
k=120r-—12 


x? +6xt+k 

The trinomial is a perfect-square trinomial. Find a 
positive number that, when doubled, equals 6. 
Since 2(3) = 6, the number is 3. 


(x +3)? =x? +6x+9 
k=9 


x? -2x+k 

The trinomial is a perfect-square trinomial. Find a 
negative number that, when doubled, equals —2. 
Since 2(-1) = -2, the number is —-1. 


(x-1)? =x? -2x+1 
k=1 


23.3? =8-9=72 

1, 4, 9, 36 are perfect-square factors of 72. 
300 - 1 = 300 not a perfect square 

300 - 2 = 600 not a perfect square 

300 - 3 = 900 a perfect square 

3 is the smallest number by which 300 can be 
multiplied so that the product is a perfect square. 


141. 


143. 


145. 


147. 


3 4+8=2x°+23 
=(x+2)(x* -2x+4) 
y?-27=y>-39 
=(y—3)(y? +3y +9) 
y>+64=y> +49 
=(y+4)(y? -4y +16) 


8x? -1=(2x)> -1° 
=(2x-1)(4x? +2x+1) 


Section 8.5 


Concept Review 8.5 


1. 
3. 
33 


Always true 
Always true 


Never true 
Set each factor to zero and find the solutions. 
x=8orx=-6 


Objective 1 Exercises 


3. 


11. 


13. 


(y+3)(y+2)=0 

yt+3=0 yt+2=0 
Vesey Se 

The solutions are —2 and —3. 


(z—7)(z—3) =0 

z-7=0 z-3=0 
z=7 z=3 

The solutions are 3 and 7. 


x(x -5)=0 
x=0 x-5=0 
SS 
The solutions are 0 and 5. 


a(a-9)=0 
a=0 a-9=0 
a=9 
The solutions are 0 and 9. 


y(2y+3)=0 
y=0 2y+3=0 
2y=-3 


Mod 
Tras 


The solutions are -= and 0. 
2a(3a—-2)=0 
2a=0 3a-2=0 
a=0 3a=2 
2 


a= — 


The solutions are ; and 0. 


15. 


17. 


19. 


21. 


23. 


27. 


29. 


b+2=0 b- 


(b+2)(b-5)=0 


5= 
b=-2 b= 
The solutions are —2 and:5. 


x? -81=0 
(x+9)(x-9)=0 
x+9=0 x-9=0 
x=-9 yo 
The solutions are ~9 and 9. 


16x” -49 =0 

(4x +7)(4x -—7)=0 
4x+7=0 4x-7=0 
4x=-7 4x =7 
7 7 
x=-— x=— 


4 4 
: 7 iy 
The solutions are -— and —. 
4 4 
x? -8x+15=0 
(x-3)(x-5)=0 
x-3=0 x-5=0 
=o eS) 


The solutions are 3 and 5. 


2? +z-72=0 

(z+9)(z-8) =0 

z+9=0 z-8=0 
z=-9 z=8 

The solutions are —9 and 8. 


2y? -y-1=0 
Qy+D(y-1)=0 
2y+1=0 y-1=0 

2y=-1 y=1 


meal 
ee 


The solutions are -5 and 1. 


3a? +14a+8=0 
(3a+2)(a+4)=0 
3a+2=0 at+4=0 
3a = -2 a=-4 
2. 
a=-— 


3 


The solutions are -5 and -4. 


3y* +12y-63 =0 

3(y* +4y-21) =0 
y? +4y-21=0 
(y+7)(y-3)=0 

y+7=0 y-3=0 
yay) 

The solutions are —7 and 3. 


31. 


33. 


35. 


37. 


39. 


41. 


43. 
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x? -7x=0 


' x(x-7)=0 


x=0 x-7=0 
=n 
The solutions are 0 and 7. 


a’ +5a=-4 
a* +5a+4=0 
(a+1)(a+4)=0 
a+l=0 a+4=0 
a=-l a=-4 
The solutions are —1 and -4. 


y- —Sy=-6 
y? -—5y+6=0 
(y-2)(y-3)=0 
y-2=0 y-3=0 
y=2 y=3 
The solutions are 2 and 3. 


27 +7t=4 

217 +71-4=0 

(2t-1)(t +4) =0 
2t-1=0 t+4=0 
(=) t=-4 


t== 


The solutions are : and —4. 


31? -13r=-4 
3? -131+4=0 
(3t-1)(t-4) =0 
3t-1=0 t-4 

3t=1 t 

1 
t=— 


3 


The solutions are ; and 4. 


x(x —-12) =-27 
x? -12x =-27 
x? -12x+27=0 
(x-—3)(x-9)=0 
x-3=0 x-9=0 
x3 x=9 
The solutions are 3 and 9. 


y(y-7) =18 
y* —Ty=18 
y* -Ty-18=0 
(y+2)(y-9) =0 
y+2=0 y-9=0 
y=-2 y=9 
The solutions are —2 and 9. 
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45, p(p+3)=-2 59. (z+3)(z-10) =-42 
p? +3p=-2 2? -7z-30=-42 
p’ +3p+2=0 z2-72+12=0 
(p+1)(p+2)=0 (z—3)(z-4) =0 
p+1=0 pt+2=0 z-3=0 z-4=0 
p=-l p=-2 z=3 z=4 
The solutions are —1 and -2. The solutions are 3 and 4. 
47. yy +4) = 45 | 61. (y+3)(2y+3)=5 
y? +4y=45 2y* +9y+9=5 
y? +4y-45=0 2y2 +9y+4=0 
(y+9)(y—5)=0 (2y+1)(y+4)=0 
_ y+t9=0 y-5=0 2y+1=0 y+4=0 
Vee 2y=-1 oe 
The solutions are —9 and 5. ve 
Z 
2. =< coe The solutions are Pe and -4. 
x“ +3x =28 2 
x? +3x-28=0 63. Strategy 
(x+7)(x-4)=0 The positive number: x 
x+7=0 x-4=0 The square of the positive number is six more 
x=-7 x=4 than five times the positive number. 
The solutions are —7 and 4. Soliton 
51. (x+8)(x-3)=-30 x? =5x+6 
x? +5x—24=-30 x* -5x-6=0 
x? +5x+6=0 (x-6(x+1)=0 
(x+2)(x+3)=0 : x-6=0 x+1=0 
x+2=0 x+3=0 x=6 x=-1 
x=-2 x=-3 __ Because —1 is not a positive number, it is not a 
The solutions are -2 and -3. solution. 
The number is 6. 
53. Qe ores 1s 310 | 65." Sicmeay 
y’ +13y+30=-10 The first number: x 
y* +13y +40 =0 The second number: 6 — x - 
(y+5)(y +8) =0 The sum of the squares of the two numbers is 
y+5=0 y+8=0 ce 
J y=-8 Solution 
The oaeT are —5 and -8. | x2 +(6-x)* =20 
55. (z-8)(z+4)=-35 x? +36-12x+x? =20 
z? - 42-32 =-35 2x -12x+16=0 
z*-47+3=0 ; x? -6x+8)=0 
(z-1)(z-3) =0 (x-4)(x-2)=0 
z-1=0 z-3=0 x-4=0 x-2=0 . 
ll io x=4 x=2 
The solutions are 1 and 3. 6-x=2 6-x=4 


The two numbers are 2 and 4. 
57. (a+3)(a+4)=72 
a* +7a+12=72 
a? +7a-60=0 
(a+12)(a—5)=0 
a+12=0 a-5=0 
a=-12 a=5 
The solutions are —12 and 5. 


67. Strategy 
The first positive integer: x 
The second positive integer: x + 1 
The sum of the squares of the two integers is 
forty-one. 


Solution 
x? +(x+1)* =41 
x? 4x7 42x41=41 
2x? +2x-40=0 
2(x* +x-20) =0 
(x+5)(x-4)=0 
x+5=0 x-4=0 


x=-5 x=4 
Because —S is not a positive integer, it is not a 
solution. 
c= 4 
x+1=5 


The two numbers are 4 and 5. 


69. Strategy 
First positive integer: x 
Second positive integer: x + 1 
The product of the two consecutive integers is 
240. ; 


Solution 
x(x +1) =240 
x? +x=240 
x* +x-240=0 
(x +16)(x-15)=0 
x+16=0 x-15=0 
x=-16 Exile) 
Since -16 is not a positive number, it is not a 
solution. 
c—15 
x+1=15+1=16 
The numbers are 15 and 16. 
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71. Strategy 


Height of the triangle: h 
Base of the triangle: 3h 


The area of the triangle is 54 fiz 
The equation for the area of the triangle is 


A= shh Substitute in the equation and solve 
for h. 


Solution 
= av bh 
2 
54= SNH) 


2 
54ers 
Dp 
108 = 3h? 
36 =h? 

0 =h? -36 
0=(h+6)(h—-6) 
h+6=0 h-6=0 

h=-6 h=6 
Since the height cannot be a negative number, —6 
is not a solution. 
h=6 
b=3h=3-6=18 
The height is 6 ft. 
The base is 18 ft. 


. Strategy 


Width of the rectangle: W 
Length of the rectangle: 2W + 2 


The area of the rectangle is 144 ft?. 

The equation for the area of a rectangle is 
A=L.- W. Substitute in the equation and solve 
for W. . 


Solution 
A=L-W 
144 =(2W+2)W 
144=2W? +2W 
0=2W? +2W-144 
0=2(W? +W-72) 
0=2(W +9)(W -8) 
W+9=0 W-8=0 
W=-9 w=8 
Since the width cannot be a negative number, —9 
is not a solution. 
W=8 
2W +2 =2(8)+2=16+2=18 
The width is 8 ft. 
The length is 18 ft. 
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75. 


77. 
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Strategy 
Side of the original square: x 
Side of the larger square: x + 4 


The area of the larger square is 64 m?. 


The equation for the area of a square is A= s 


Substitute in the equation and solve for x. 


Solution 

A=s? . 

64 =(x+4)" 

64 = x? +8x+16 

0=x? +8x-48 

0=(x+12)(x-4) 
x+12=0 x-4=0 

x=-12 x=4 

Since the length of a side of a square cannot be a 


negative number, —12 is not a solution. 
The length of a side of the original square is 4 m. 


Strategy 
Radius of the original circle: r 
Radius of the larger circle: r + 3- 


The area of the largest circle is 100 in? more than 
the area of the original circle. 


The equation for the area of a circle is A= rr’. 


Substitute in the equation and solve for r. 


Solution 
tr? +100 =n(r+3)" 
tr? +100 = n(r? + 6r+9) 
tr? +100 = nr? +6nr+9n 
100-97 = 6mr 
100-9 
————=r 
61 
3.8l=r 
The radius of the original circle is approximately 
3.81 in. 


79. 


81. 


83. 


Strategy 

The width of the uniform border: x 

Type area width: 6 — 2x 

Type area length: 9 - 2x 

The required area is 28 in’. The equation for the 
area of arectangle is A= LW. 


Solution 
(6-2x)(9-2x) = 28 
54-30x+4x? =28 
4x? -30x +26 =0 


(2x? -15x+13)=0 
(2x -13)(x-1)=0 


2x-13=0 x-1=0 
2x =13 eal 
m3 
x=— 


The solution + is not possible because it is 


wider than the page. 

x=1 

6-2x =6-2(1)=4 

9-2x=9-2(1) =7 

The dimensions of the type area are 4 in. by 7 in. 


Strategy 
Replace d by 1600 and v by 0 in the given 
equation and solve for ¢. 


Solution 
d=vt+16r2 
1600 = Or +1647 
1600 = 161? 
100 = 1? 
0=17 -100 
0=(t+10)(t-10) 
t+10=0 t-10=0 
t=-10 t=10 


The solution —10 is not possible. 
The object will hit the ground 10 s later. 


Strategy i 
Replace S by 78 in the given equation and solve 
for n. 


Solution 








156=n2+n 
0=n? +n-156 
0=(n+13)(n-12) 
n+13=0 n-12=0 
n=-13 n=12 


Since -13 is not a natural number, the solution 


—13 is not possible. 
Twelve consecutive numbers beginning with 1 
give a sum of 78. 


85. 


87. 


Strategy 


Replace N by 28 in the given equation and solve 
for t. 


Solution 


2 
lah 
Noes 


56=17-1 
0=17? -1-56 
0=(t-8)(t+7) 
t-8=0 t+7=0 
t=8 =-7 
The solution —7 is not possible. 
There are 8 teams in the league. 


Strategy 
To find the time for the ball to reach a height of 
64 ft, replace the variables h and v by their given 
values and solve for t. 
Solution 
h=vt-16t? 
64 = 641-1617 
1617 — 641 +64 =0 
16(? —41+4)=0 
(t-2)? =0 
t-2=0 t-2=0 
t=2 Py 
2 is a double root. The time is 2 s. 


Applying Concepts 8.5 


89. 


91. 


93. 


2y(y +4) = -5(y +3) 
2y? +8y =-Sy-15 

2y? +13y+15=0 

(2y +3)(y +5) =0 


2y+3=0 y+5=0 
2y=-3 y=-5 
nt $3 
as 


The solutions are -> and —5. 


(a—-3)? =36 

a? -6a+9=36 

a? -6a-27=0 

(a-9)(a+3)=0 
a-9=0 a+3=0 
a=9 a=-3 


p> =9p? 
p?-9p* =0 
p*(p-9)=0 
p?=0 p-9=0 
p20. p= 
The solutions are 0 and 9. 


95. 


97. 


99. 
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(2z—-3)(z+5) =(z+1)(z +3) 
227 +72-15=27 +4243 
27 +3z-18=0 
(z+6)(z-3)=0 
zZ+6=0 7z-3=0 
z=-6 z=3 
The solutions are —6 and 3. 


n(n+5)=-4 
n? +5n=-4 
n? +5n+4=0 
(n+ 4)(n+1)=0 
nt+4=0 nt+1=0 
n=-4 n=-1 


3n? = 3(-4)? =3(16) = 48 
or . 
3n* = 3(-1)? =3(1) =3 


Strategy 

The amount by which the length and width are 
increased: x 

Length of the larger rectangle: x + 7 

Width of the larger rectangle: x + 4 

Area of the larger rectangle 

= Area of smaller rectangle + increase in area 
= 7(4) + 42 =28+42=70 


Solution 
A=L:-W 
70 =(x+7)(x +4) 
70 = x? +11x+28 
O=x? +11x-42 
0=(x+14)(x-3) 
x+14=0 x-3=0 
x=-14 x=3 
Since the length cannot be a negative number, the 
solution —14 is not possible. 
x+7=3+7=10 
x+4=34+4=7 
The length of the larger rectangle is 10 cm. 
The width of the larger rectangle is 7 cm. 
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Focus on Problem Solving 





Making a Table 
1. Touchdowns 
(6 points) 








Extra points 
(1 point) 
Field goals 
(3 points) 
Safeties 
(2 points) 









2. Touchdowns 
(6 points) 
Extra points 
(1 point) 
Field goals 
(3 points) 











Total points 


There is only 1 possible way to score 17 points. 


3. There is no way to score 17 points if no safeties are scored and the team scores 2 field goals. 
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4. Nickels O02, "eas CS) MI CMO) Sot a ear (sor) 10m Rot 
Quarters 
Total amount | $.85 $.85 $.85 $.85 $.85 $.85 $.85 $85 $85 $85 $85 $85 $85 $.85 
(table continued) 
Nickels Bee eS ey 9. 1. 13° ett AT 





Total amount | $.85 $.85 $.85 $.85 $85 $85 $.85 $.85 
There are 22 possible ways to receive $.85 in change. 







5. Nickels 
Quarters 


Total amount 
There is only 1 possible way to receive $.85 in change. 


6 $1 


3 3 8 139.03 3 8 13 ees 8 13 sais 223 = 53 § 43 
$5 0 2 1 0 0 2 1 0 4 3 2 1 0 6 5 4 
$10} 1 0 0 0 3 2 2 2 1 1 1 1 1 0 0 0 


$20) 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 


Total | $33 $33 $33 $33 $33 $33 $33 $33 $33 $33 $33 $33 $33 $33 $33 $33 
amount 


(table continued) 
$1 






Total | $33 $33 $33 $33 
Amount 
There are 20 possible ways to receive $33 in change. 


The Trial and Error Method 


equilateral triangle: 3 
rectangle: 2 

regular pentagon: 5 
regular hexagon: 6 
circle: infinitely many 


208 Chapter 8: Factoring 


Projects and Group Activities 
1, 


BOGERORGEEG 
RENNER ERER 
GROGEREEGG) 
EE REERR REE 
RRUEREREER 
ERRRRERERR 
= @5xQOSOERE 
RENE RE ERE 
IOC MO CERIO 
BEENREERRE 


The prime numbers between 100 and 200 are 101, 103, 107, 109, 113, 127, 131, 137, 139, 149, 151, 157, 163, 167, 
173, 179, 181, 191, 193, 197, and 199. 


2. Only one prime number is an even number, the number 2. 


3. The twin primes between 1 and 200 are 3, 5; 5, 7; 11, 13; 17, 19; 29, 31; 41, 43; 59, 61; 71, 73; 101, 103; 107, 109; 
137, 139; 149, 151; 179, 181; 191, 193; and 197, 199. 


4. a. 2 and 3 are consecutive natural numbers that are prime. 


b. No, there cannot be any other pairs of prime numbers that are consecutive natural numbers. Every other pair of 
consecutive natural numbers includes an even number, and no even number except 2 is prime. _ 


5. Answers will vary. For example: 17= 4? +1 
37=67 +1 
101=107 +1 


6. 3=27-1 


7. a. 4!42=4-3-2-142=244+2=26 
4!4+3 =4-3-2-14+3=24+3=27 
4!4+4=4-3-2-14+4=244+4=28 
26 is divisible by 2 and 13. It is a composite number. 
27 is divisible by 3. It is a composite number. 
28 is divisible by 2, 4, 7, and 14. It is a composite number. 


b. 5!42=5-4-3-2-14+2=120+2=122 
5!4+3 = 5-4-3-2-14+3=120+3=123 
3144 =5-4-3-2:14+4=120+4=124 
5!45 =5-4-3-2-14+5=120+5=125 
122 is divisible by 2 and 61. It is a composite number. 
' 123 is divisible by 3 and 41. It is a composite number. 
124 is divisible by 2, 4, 31, and 62. It is a composite number. 
125 is divisible by 5 and 25. It is a composite number. 


c. 6!4+2=6-5-4-3-2-1+2=720+2 = 722, a composite number 


6!4+3 = 6-5-4-3-2-1+3=720+3 = 723, a composite number 
6!+4 =6-5-4-3-2-1+4=720+4=724, a composite number 
6!+5 = 6-5-4-3-2-1+5 = 720+5=725, a composite number 
6!+6 = 6-5-4-3-2-1+6=720+6 = 726, a composite number 


Chapter Review Exercises 
1. 14y? —49y® +7y3 =7y3(2y® -7y3 +1) 
2. 3a? -12a+ab—4b =(3a* -12a)+(ab—4b) 


=3a(a-4)+ b(a—4) 
=(a-4)3a+b) 


4. 


10. 


11. 


12. 


13. 


14. 


15. 


16. 


17. 


18. 


c? +8c +12 =(c+2)(c+6) 


a> —5a? +6a = aa” ~5a+6) 
= a(a-2)(a-3) 


6x? —29x +28 = 6x? -8x—-21x +28 
= (6x? -8x)-(21x-28) 
= 2x(3x-4)-7(3x-4) 
= (3x —4)(2x-7) 


3y? +16y-12 = 3y* +18y—2y-12 
= (By? +18y)—(2y+12) 
= 3y(y + 6) — 2(y +6) 
=(y+6)Gy—-2) 


18a? -3a-10 = 18a? -15a+12a—-10 
= (18a? -15a)+(12a—10) 
= 3a(6a — 5) + 2(6a—5) 
=(6a—5)(3a+2) 


a*b? -1= (ab) -17 
= (ab +1)(ab-1) 


4y” -16y +16 =4(y? —4y +4) 


= A(y-2)? 
a(5a+1)=0 
a=0 5at+1=0 
Sa=-1 
weet 


The solutions are 0 and -=. 


12a7b + 3ab” = 3ab(4a +b) 
b? -13b +30 =(b-3)(b—-10) 


10x? +25x + 4xy+10y 

= (10x? +25x) +(4xy+10y) 
= 5x(2x +5) +2y(2x +5) 

= (2x +5)(5x+2y) 


3a? -15a—- 42 = 3(a? -5Sa-14) 
= 3(a+2)(a-7) 


ni 2a ean) enn 22h 3) 
=n2(n+1)(n—-3) 


2x? —5x +6 is nonfactorable over the integers. 


6x2 —7x+2= 6x" -3x-4x4+2 
= (6x? —3x)-(4x-2) 
= 3x(2x -1)-2(2x-1) 
= (2x -1)(3x—-2) 


16x” +49 is the sum, not the difference, of two 
squares. It is nonfactorable over the integers. 


19. 


20. 


21. 
22. 


23. 


25. 


26. 


27. 


~ 28. 


29. 


30. 


31. 
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(x-2)(2x-3)=0 
x-2=0 2x-3=0 
x=2 SE 


x== 
Zz 


The solutions are 2 and = 


Tx? -7= 1x? -1) 
= 7(x +1)(x—-1) 


3x> -9x4 — 4x3 = x3 (3x? —9x-4) 


4x(x-3)—5(3— x) = 4x(x —3) + 5(x—3) 
=(x—3)(4x+5) 


a? +5a-14=(a+1)(a-2) 
y? +5y—36 =(y+9)(y—4) 


5x” -50x-120 = 5(x2 -10x—24) 
= 5(x-12)(x +2) 


(x +1)(x-5) =16 
x? -4x-5=16 
x? -4x-21=0 
(x -7)(x+3)=0 
x-7=0 x+3=0 
ah x=-3 
The solutions are 7 and —3. 


Ja? +17a+6 =a" +3at+14a+6 
= (7a? +3a)+(14a+ 6) 
= a(7a+3)+2(7a+3) 
=(7a+3)(a+2) 


4x? +83x +60 = 4x2 +80x+3x+60 
= (4x? +80x) + (3x +60) 
= 4x(x + 20) + 3(x +20) 
= (x +20)(4x +3) 


Qy4 —25z? = (3y”)* -(5z)? 
= (3y* +5z)(3y* —5z) 


5x? —5x-30 = 5(x* —x-6) 
; = 5(x+2)(x—3) 


6-6y? =5y 
0 =6y? +5y-6 
0 =(3y—2)(2y +3) 
3y-2=0 2y+3=0 
3y=2 2y=-3 


2 me 
y 3 y > 
: 2, 3 
The solutions are = and Ti 
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32. 


33. 


35. 


36. 


37. 


38. 


39. 


40. 
41. 


42. 


43. 


45. 


46. 
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12b? —58b2 + 56b = 2b(6b? — 29b +28) 
= 2b(6b* — 8b —21b + 28) 
= 2b[(6b? — 8b) — (21b —28)] 
= 2b[2b(3b - 4) — 7(3b - 4)] 
= 2b(3b - 4)(2b-7) 


5x9 + 10x? +35x = 5x(x2 +2x+7) 
x? -23x4+42 =(x-2)(x-21) 
a3a+2)—1Ga42) = (Gat 2Xa=7) 


8x7 -38x +45 = 8x2 -18x-20x +45 
= (8x? -18x)-(20x-45) 
= 2x(4x-9)-5(4x-9) 
= (4x —9)(2x-5) 


10a?x —130ax + 360x = 10x(a” -13a+36) 
=10x(a-4)(a—9) 


2a* -19a-60 = 2a” +5a—24a-60 
= (2a? +5a)—(24a + 60) 
= a(2a+5)—12(2a+5) 
=(2a+5)(a-12) 


2lax — 35bx —10by + 6ay 

= (2lax —35bx) — (10by — 6ay) 
= 7x(3a — 5b) + 2y(3a — 5b) 

= (3a—5b)(7x + 2y) 


a® -100 =(a*)* -102 
= (a> +10)(a? -10) 


16a* =(4a)”, 1=17, 2(4a)(1) = 8a 
16a” +8a+1=(4a+1)? 


4x* +27x=7 
4x? +27x-7=0 
(4x-1)(x+7)=0 
4x-1=0 x+7=0 

sea x=-7 


The solutions are = and —7. 


20a” + 10a—280 = 10(2a? +a-28) 
=10(2a? +8a—7a-28) 
=10[(2a? +8a)—(7a+28)] 
=10[2a(a+4)-7(a+4)] 
=10(a+ 4)(2a-7) 


6x -18 = 6(x-3) 
3x4y4+2x3 y+ 6x2y = x? (3x? +2x+6) 


d? +3d-40 =(d-5)(d+8) 


47. 


48. 


49, 


50. 


51. 


52. 


53. 


54. 


24x? -12xy +10y-20x 

= 2(12x? —6xy + 5y-10x) 

= 2[(12x? - 6xy) + (5y-10x)] 
= 2[6x(2x — y) + Sy —2x)] 

= 2[6x(2x — y)-S(2x— y)] 

= 2(2x- y)(6x -5) 


4x? — 20x? —24x = 4x(x? -5x-6) 
= 4x(x+1)(x-6) 


x? -8x-20=0 


' (x-10)(x+2)=0 


x-10=0 x+2=0 
x=10 x=-2 
The solutions are 10 and —2. 


3x2 -17x+10 =3x? —2x-15x +10 
= (3x? —2x)-(15x —-10) 
= x(3x — 2) -—S(3x -2) 
= (3x-2)(x-5) 


16x? —94x +33 = 16x? —6x-88x+33 
= (16x? — 6x) —(88x —33) 
= 2x(8x —3)—11(8x —3) 
= (8x —3)(2x-11) 


9x? = 3x)”, 25 =5?, 2(3x)(-5) = -30x 
9x? -30x +25 =(3x—5)? 


12y? +16y—3 =12y? +18y—-2y-3 
=(12y? +18y) —(2y +3) 
= 6y(2y +3) —-1(2y +3) 
= (2y+3)(6y-1) 


3x? +36x +108 = 3(x? +12x +36) 
= 3(x +6)? 


SS. 


56. 


Strategy 
Width of the field: W 
Length of the field: 2W 


The area is 5000 yd?. 
The equation for the area of a rectangle is 
A=L-W. 


Solution 
A=L-W 
5000 = 2W(W) 
5000 = 2W? 
2500 = W? 
0 = W? -2500 
0=(W +50)(W —5S0) 
W+50=0 W-50=0 
W=-50 W=50 
Since the width cannot be a negative number, the 
solution —50 is not possible. 
W=50 
2W = 2(50) =100 
The width is 50 yd. 
The length is 100 yd. 


Strategy 
Width of the field: W 
Length of the field: 2W — 20 


The area is 6000 yd?. 
The equation for the area of a rectangle is 
A=L-W. 


Solution 

A=L:W 

6000 = (2W —20)W 

6000 = 2W? —20W 

0 =2W? -20W - 6000 

0 =2(W? -10W — 3000) 

0 =2(W +50)(W — 60) 

W+50=0 W-60=0 

W =-S0 W=60 

Since the width cannot be a negative number, the 
solution —50 is not possible. 

W=60 

2W — 20 = 2(60) — 20 = 120-20 =100 
The width is 60 yd. 
The length is 100 yd. 


57. 


58. 


59. 
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Strategy 

First integer: n 

Second integer: n + 1 

The sum of the squares of the two integers is 41. 


Solution 
n? +(n+1)? =41 
n? +n? +2n+1=41 
2n? +2n+1=41 
2n? +2n-40=0 
2(n? +n-20)=0 
2(n +5)(n-4) =0 
n+5=0 n-4=0 
n=-5 n=4 
Since —5 is not a positive integer, the solution —5 
is not possible. 
n=4 
nt+1=44+1=5 
The two integers are 4 and 5. 


Strategy 


Replace s by 400 in the given equation and solve 
for d. 


Solution 

s=d? 
400 = d2 

0 =d? -400 

0 =(d +20)(d—20) 
d+20=0 d-20=0 

d=-20 d=20 

The solution —20 is not possible. 
The distance is 20 ft. 
Strategy 


Width of the uniform border: x 
New width: 12 + 2x 
New length: 15 + 2x 


The area is 270 ft”. 
The equation for the area of a rectangle is 
A=L.- W. 
Solution 
A=L-W 
270 = (15+ 2x)(12 + 2x) 
270 =180+54x+4x7 
0 =4x? +54x-90 
0 = (2x —3)(2x +30) 
2x-3=0 2x+30=0 


2x =3 2x = -30 
Z 
The solution —15 is not possible. 
3 
x== 
2 


12+24=12+75) =12+3=15 
The width is 15 ft. 
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Strategy 
Length of a side of the original square: x 
Length of a side of the larger square: x + 4 


The area of the larger square is 576 ft". 
The equation for the area of a square is A= ee 


Solution 
A= s? 
576 =(x+4)? 
576 = x" +8x+16 
0 =x? +8x-560 


0 =(x + 28)(x — 20) 
The solution —28 is not possible. 


The length of a side of the original square is 20 ft. 


Chapter Test 


1. 


2. 


Se 
4. 


Ss 


10. 


6x7y? +9xy? +12y* =3y2(2x? +3x 44) 

6x? —8x? +10x =2x(3x? —4x+5) 

p’ +5p+6=(p+2)(p+3) 

a(x —2)+b(2-x) = a(x -2)—-b(x-2) 
=(x-2)(a—b) 


(2a-—3)(a+7)=0 
2a-3=0 a+7=0 
20—3) a=-7 
3 
a=— 


2 


The solutions are : and —7. 


- a? -19a+48 =(a—-3)(a-16) 


x9 +2x? -15x = x(x? +2x-15) 
= x(x +5)(x —3) 


8x? +20x - 48 = 4(2x? +5x-12) 
= 4(2x? +8x-3x-12) 
= 4[(2x? +8x)—(3x +12)] 
= A[2x(x + 4) -3(x+4)] 
= A(x + 4)(2x -3) 


ab + 6a—3b -18 = (ab + 6a) — (3b +18) 
=a(b+6)—3(b +6) 
=(b+6)(a-3) 


4x? -1=0 

(2x +1)(2x-1)=0 
2x+1=0 2x-1=0 
Qx=-1 2x =1 
1 1 
x=--— x=— 


2 Zz 


The solutions are el and s 
2 2 


11. 


12. 


13. 


14. 


15. 


16. 


17. 


18. 


19. 


20. 


21. 


22. 


6x2 +19x+8 = 6x2 +16x+3x+8 
= (6x? +16x) + (3x +8) 
= 2x(3x +8)+1(3x+8) 
= (3x+8)(2x +1) 


x2 —9x -36 =(x+3)(x-12) © 


2b? — 32 = 2(b* -16) 
= 2(b? - 47) 
=2(b+4)(b-4) 


4a? =(2a)”, 9b? = (3b), 2(2a)(—3b) = -12ab 
4a? -12ab + 9b? = (2a-3b)? 
px+x-p-1=(pxt+x)-(pt)) 


= x(p+1)-1(p +1) 
= (tDG-) 


5x? —45x-15=5(x* -9x-3) 
2x? +4x-—5 is nonfactorable over the integers. 


4x? —49y* = (2x)? —(7y)? 
= (2x + 7y)(2x -—7y) 
x(x -8)=-15 
x? -8x=-15 
x? -8x+15=0 


~ (x-3)(x-5) =0. 


x-3=0 x-5=0 
peS3} te 5 
The solutions are 3 and 5. 


p> =(p)”, 36 = 67, 2(p)(6) = 12p 
p* +12p+36 =(p+6)" 


18x? — 48xy +32y? = 2(9x? —24xy + 16y”) 
=2(3x-4y)? 
ay —14y? -16y? = 2y?(y? -Ty-8) 
= 2y?(y +1(y-8) 


23. Strategy 


Width: x 

Length: 3 + 2x 

The area of the rectangle is 90 cm?. 

The equation for the area of a rectangle is 


A=L- W. Substitute in the equation and solve for _ 


x. 


Solution 
A=L-W 
90 = (3+2x)x 
90 = 3x+2x? 
0=2x? +3x—90 
0 =(2x +15)(x-6) 
2x+15=0 x—-6=0 
2x =-15 x=6 
15 


x=-— 

Since the width cannot be a negative number, 
Se $ 

a5 is not a solution. 


x=6 
34+2x=3+2-6=34+12=15 
The width is 6 cm. 

The length is 15 cm. 


. Strategy 

Height of the triangle: x - 

Base of the triangle: 3x 

The area of the triangle is 24 in?. 

The equation for the area of a triangle is 


A= bh Substitute in the equation and solve for 


x. 
Solution 
= a bh 
2 


24= 5x02) 


1 2 
5 (3x") 
48 = 3x? 
0=3x? -48 
0 =3(x? - 16) 
0=3(x +4)(x -4) 
x+4=0 x-4=0 
x=-4 x=4 
Since the height cannot be a negative number, —4 
is not a solution. 
ie 
3x =3(4) =12 
The length of the base is 12 in. 


= 


25. 
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Strategy 

First negative integer: x 

Second negative integer: x + 1 
The product of the integers is 156. 


Solution 
x(x +1) =156 
x? +x=156 
x7 +x-156=0 
(x +13)(x-12)=0 
x+13=0 x-12=0 
x=-13 x=12 
Since 12 is not a negative number, it is not a 
solution. The integers are -13 and —-12. 


Cumulative Review Exercises 


1. 


2. 


4—(-5)-—6-11=4+5+(-6)+(-1)) 
=9+(-6)+(-11) 
=3+(-1)) 
=-8 


8.08 


0.046.) 0.372.00 


368 
40 
0 
“400 
368 
32 
0.372 + (0.046) = -8.1 


(3-7)? +(-2)-3-(-4) = (-4)? + (-2)-3-(-4) 
=16+(-2)—3-(-4) 
=8-3-(-4) 

=§ —(—12) 

8+12 


4 
2a +(2b)-c 

-2(-4)? +(2-2)-(-1) =-2116) +441 
—32+4+1 


—8+1 
-7 


(3+8)+7=3+(8+7) 
The Associative Property of Addition 


—3 (~24x2) = 18x? 
4 
—2[3x — 4 -2x) — 8x] = 2[3x -12 + 8x-8x] 


= -2(3x-12] 
=-6x+24 
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The solution is >. 


9. 443(x-2)=13 

4+3x-6=13 

3x-2=13 
3x-2+2=1342 

3x =15 

3x _ 15 


3 3 
=o 
The solution is 5. 


10. 3x—2=12-5x 
3x+5x-2=12-5x+5x 
8x-2=12 
8x-2+2=12+2 
8x =14 
8x _ 14 


Seas 


2.8 = 
ae od 
The solution is ve 


ll. -—2+4[3x-2(4-x)-3]=4x+2 
—2+4[3x-8+2x-3]=4x+2 
—2+4[5x-11]=4x+2 
—2+20x-44=4x+2 
20x -46=4x+2 
20x -4x-46=4x-4x+2 
16x -46=2 
16x —46x+46=2+ 46 
16x = 48 
6x _ 48 
16 16 
x5 
The solution is 3. 


12,> PB=A 
1.20B = 42 
1.20B 42, 
1.20 1.20 
B=35 
120% of 35 is 42. 


13. —4x-2210 
—4x-2+2210+2 

—4x2>12 

—4x _ 12 


TE eae 


20. 


14. © 9-2(4x-5) <3(7-6x) 
9-8x+10<21-18x 
19-8x <21-18x 
19-8x+18x <21—-18x+18x 
19+10x <21 
-19+19+10x <-19+21 
10x <2 
10x 2 


10 10 


15. 


16. 





17. The domain is {-5, —3, -1, 1, 3} 
The range is {-4, —2, 0, 2, 4}. 
No two ordered pairs have the same first 
coordinate. 
The relation is a function. 


18. f(x)=6x-5 
fl) =601)-5 =66-5=61 
The value of the function at x = 11 is 61. 


19. x+3y>2 
3y>-x+2 





x=3y+17 


6(3y+17)+y=7 
18y+102+y=7 


19y +102 =7 
19y =-95 
y==9 
x =3(-5)+17 
x=-15+17 
x=2 


The solution is (2, —5). 


21. 


22. 


23. 


25. 


26. 


27. 


28. 


29. 


30. 


2x -—3y=-4 
Sx+y=7 
2x-3y=-4 
3(Sx + y) = 3(7) 
2x-3y=-4 
15x+3y=21 
17x =17 
x= 
5) + y=7 
S+y=7 
y=2 
The solution is (1, 2). 


(3y> —Sy* - 6) +(2y” -8y +1) 
= 3y? +(—Sy? + 2y”)—-8y +(-6 +1) 
=3y? -3y? -8y-5 . 
(-3a*b)> = (-3)3a!2p8 = -274!75° 
x* -5x4+4 
x+2 
2x? -10x+8 
x? —5x2 4+ 4x 
x? -3x7-— 6x+8 


4x+8 

2x-3)8x7+ 4x- 3 
8x2 -12x 

16x- 3 

16x-24 

21 





21 
2x-3 





(8x? +4x—3)+(2x-3)=4x+8+ 


—4.2,3 12.6 y® 

(x ty?)? ax Py? 2 2p 

3a —3b — ax + bx = (3a—3b)—(ax— bx) 
= 3(a-—b)-x(a—b) 
=(a—b)(3-x) 


x? +3xy-10y* =(x+5y)(x-2y) 


6a‘ +22a? +12a” = 2a (3a? +11a+6) 
=2a* (3a +2a+9a+6) 
= 2a*[(3a” +2a)+(9a+6)] 
= 2a7[a(3a + 2) +3(3a+2)] 
= 2a?(3a+2)(a+3) . 


25a? —36b2 = (5a)? —(6b)" 
= (5a + 6b)(5a — 6) 
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31. 12x? -36xy+27y* =3(4x? -12xy + 9y?) 


= 3(2x —3y)” 


3x? +11x-20=0 
(3x —4)(x+5)=0 
3x-4=0 x+5=0 
3x=4 => 
4 
t=— 


3 


The solutions are : and —5. 


fix)=Sx-3 
f(-10)=4(-10)-3=-8-3=-11 
fi-8)=5(-5)-3=-4-3=-7 

f(0) =4(0)-3=0-3=-3 

f(5)=6)-3=4-3=1 


f(10) = =(10)-3=8-3=5 


The range is {-11, —7, —3, 1, 5}. 


. Strategy 


To find the average: 
e Add the seven temperature readings. 
° Divide the sum by 7. 


Solution 

—4+(-7)+2+0+(-1) +(—6)+(-5) 
=-11+2+0+(-1)+(-6)+(-5) 
—9+0+(-1) +(-6) +(-5) 
—9+(-1)+ (—6) +(-S5) 

—10+(—6) +(-5) 

—16+(—5) 


! 
N 
— 


—21+7=-3 
The average daily high temperature was —3°C. 


. Strategy 


e Length: L 
Width: 0.40L 
e Use the formula for the perimeter of a rectangle. 


Solution 
2L+2W=P 
2L + 2(0.40L) = 42 
2L+0.8L=42 
D&E 42 
Gl'5 
0.40L = 0.40(15) = 6 
The length is 15 cm. 
The width is 6 cm. 
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36. 


37. 


38. 


Chapter 8: Factoring 


Strategy 
To find the length of each piece, write and solve an equation using x to represent the length of the shorter piece and 


10 —x to represent the length of the longer piece. 


Solution 
Four times the 2 ft less than three 


length of the i times the length of 
shorter piece the longer piece 





4x =3(10-—x)-2 
4x =30-3x-2 
4x =28-—3x 
7x =28 

x=4 


,10-x=10-4=6 


The pieces measure 4 ft and 6 ft. 


Strategy 

To find the maximum number of miles: 

¢ Write an expression for the cost of each car using x to represent the number of miles driven per day. 
e Write and solve an inequality. 


Solution 


Cost of a ‘ Cost of a Company 
is less than 
Company A car B car 


6+0.25x <15+0.10x 
6+0.25x -—0.10x <15+0.10x —0.10x 
6+0.15x <15 
—6+6+0.15x <-6+15 
0.15x <9 
0.15x 


ake 





9 
< O15 
0.1 
60s 


6x <360 
The maximum number of miles you can drive a Company Ac car is 359 mi. 


Strategy . 
e Amount invested at 11%: x 


Principal Rate Interest 


Amount at 8% 4000 0.08 0.08(400) 
Amount at 11% x 0.11 O0.11x 
° The total annual interest earned is $1035. 


Solution k 
0.08(4000) + 0.11x = 1035 
320 + 0.11x = 1035 

Oi = ils 


x = 6500 
$6500 should be invested at 11%. 


39. Strategy 


40. 


Given: R = $165 


S=$99 
Unknown: r 


Use the equation S = R-rR. 


Solution 
S=R-rR 
99 = 165-r(165) 
—66 = -165r 
0.40=r 
The discount rate is 40%. 


Strategy 

¢ First integer: n 
Middle integer: n + 2 
Third integer: n +4 


Cumulative Review Exercises 


e Five times the middle integer is twelve more than twice the sum of the first and third. 


Solution 
5(n+2)=2(nt+n+4)+12 
5n+10 =2(2n+ 4)+12 
5n+10=4n+8+12 
5n+10=4n+20 
n+10=20 
n=10 
n+2=10+2=12 
n+4=10+4=14 


The integers are 10, 12, and 14. 
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Chapter 9: Algebraic Fractions 


Section 9.1 
Concept Review 9.1 
1. Always true 


3. Never true 
To multiply algebraic fractions, multiply the 
numerators and multiply the denominators. 


5. Always true 


7. Never true 
To divide two algebraic fractions, multiply the 
first fraction by the reciprocal of the second 
fraction. 


Objective 1 Exercises 


1 
9x7 83x? 3 








5. ee eee 

fox 2-2-3x° 4x 

1 

7, @+3 Says ta a 

(x +3)? x+3 
9. Gan) 

4-3n 3n 4-3n 
s 2x 42x" S48 2 +x-2) _ 

xo 42x2-3x 9 x(x2+2x-3) 9 x(x +3)(x-1) 
ng, Gt =1s+2_ Qx-1Gx-2) _ 2x=1 
 6x745x-6 (2x+3)Gx-2) 2x43 


Objective 2 Exercises 


a 12x°y* 14a°b4 _ 2-2. any ys 108 _ 8abxy 


Ta*b? 9x y? 


3x-6 10x-40 3(x-2) 10(x-4) © 





35. 


rl 6y(y + 2) & 2- eae 2 
9y*(y +2) 
6x(x-5) _ 


2:3x(x—-5) Zs coer 
8x7(5—x) 


13. 
2:2:2x7(5—x) 4x 


15 a +4a _ aat4) _@ 
* ab+4b b(at+4) b 
4-6x 
3x2 -2x 


yO nae) 


17. = = 
x(3x — 2) x 





19, 2723942 O=DU=2) y=? 


y>-4y+3 (y-I)(y-3) ~ y-3 
a x? 43x-10 _(x+5)(x- 2) _ x45 
2 42x-8 (x+4\(x-2) x44 
a xe+x-12 (x4 4(x- 3)_x+4 
92 6549 > Ce~ 3) Sse = 
gg 2238-10 _ +2)@-5) | x42 
* 96-77  S42x9GER7 SPS 


2x(x+2)(x—-1) _ 2(x+2) 


AX=2)*2-Hx—4) _ 2 


bee Eee _— 


5x-20 27x-54 S(x-4) 27(%-2) S(x-4)-3-3-3(x-2) 9 


3x? +2x ae = 


37, : asa awe (2x-3) _ x3x+2)y°(2x-3) _ y? 


Qxy-3y 3x°4+2x? — y(2x-3) x2(3x+2) 


39 x? 45x44 x*y? a Taney 


mye EEG xy? 


x7 +3x-28 xy* GG 4) ee 


“Gt+D(x+) 


y(2x—3)x2(3x+2) x 
_ (+ I(x+4)x7y? _ xt) 
xy? (x+1)(x+1)  x(x+1) 
Haat 


1G +TN(x-4)xy* — y*(x-4) 


43. 


45. 


47. 


49. 


53. 


55. 


57. 
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‘ = fe -_ = 


Qxy+y 5x? -2x? yOx+1) x°(5-2x) y(2x+1)x2(5-2x) x 


x7 -2x-24 x27 4+5x46 (x+4)(x-6) (x+2)(x +3) (x+4)(x-6)(x+2)(x+3) _ x+3 


9, Se as ee ee ee 


X°-5x-6 x°+6x+8 (x+I(x-6) (x4 2x44) (HFD-O(x+2DX+4) x41 


x7 4+2x-35 x? +3x-18 “C+D 5) (x+6)(x-3) (x+7)(x-5)(x+6)(x- 3) x-5 


Dt eat ao SEES io 


x7 4+4x-21 x2 4+9x4+18 (x+7)(x-3) (x+3)(x+6) (x+7)(x-3)(x+3)x+6) x43 


x7 =3x-4 x7 45x46 (x+1)(x-4) (x +2)(x +3) (x4+1)(4-4)(x + 2)(x +3) Sa t3 


ee Fe = 


x? 46x45 8t2x—-x2 (xt D(xt+5) (4-x(2+x) (x+)(xt+5(4—-n(2+x) x4+5 


12x? -6x 2x4+410x?  6x(2x-1) —-2x3(x +5) 


Spas A eee =e... 


x7 46x45 0 4x7-1 (x 1)(x+5) (2x4+1(2x-1) 
_2-3x(2x-1)-2x3(x+5) 
~ (xt I(r +5)(2x +1)(2x-1) 
- {2x4 
~ (xt 12x +1) 


eee x? x*-6x-27 Saxe 4x) (43x =9) PCa xe Gt 3-9) x $3 


SS ee — ee 


x? =10x—24 x2=17x+72  (x+2)(x—12) (x-8)(%-9) (KF 2(Z—-12(@-B(x-9)_—-X-12 


2x? +5x+2 x7 -7x-30 _ (2x +IE+2) (x+3Me-10) _ (2x +1(x+2)(x+3\H-10) _ x+2 
x? +7x4+3 x?-6x-40 (2x+1)(x+3) (x+4\(x-10) (2x +D(xt3\(x+4)(x-10) x44 





2x7 +x-3 2x?-9x+10 _ (2x 4+3)%-1) (2x-5)\@=2) _ 2x43\e-DQx-@=2) 2-5 
2x? —x-6 2x2-3xt] (2x+3)(x—-2) (2x-1I(x-1) (2x +3)(x—-2)(2x-1(x-1). 2x-1 





6x 2 _dix+4 12x? +11x+2 _Qx- 1(3x-4) (4x+1)Gx+2) 


6x7 +x-2 8x7 4+14x43 ~ Bx +2)(2x-1) (2x+3)(4x+1) 
_ 2x-1N)GBx-4)(4x+DGx +2) 


~ (3x +2)(2x —1)(2x +3)(4x +1) 
3x-4 
2x+3 





Objective 3 Exercises 


63. 


65. 


67. 


69. 


71. 


73. 


4x*y3 6xy 4x7y? 5a°b° _ 2b 2x2y3 5a3b® _ 2ab? xy* 


15a2b? Sab? Isab? Oxy 3 5a°b* Loy, 2 





11 1 
6x-12 |. 18x-36 _6x-12 10x+40 _ 6(x—2) | 10(x+4) _ 2:3(x —2)-2-5(x +4) 50 
8x+32 10x+40 8x+32 18x—36 ~ 8(x+4) 18(x-2) | 22x44): 2: te 2) 














6x3 + 7x2 6x2 47x _ 6x2 +7x? 36x-9 _ x7(6x+7) H4x-1) _ x°(6x+7)-3-3(4x-1) 








12x-3 36x-9 12x-3  6xe+7x  34x—-1) x(6xt7)  34x-Dx6xt1) 
x tant x! $2x+1_ x2 44x43 xy? = D439). xy _ x +3) 
x 2y xy? xy x? 42x41 xy (x+1)(x+1) x(x+1) 
x2-49 x7-14x449 _ x? ey xty? Be De ee ye eT 
x4y? x4y3 uy x? -14x+49 x4y3 (x=T\(x=7) Pan 
4ax-8a | 2y—xy _ 4ax-8a Ce tele 2) 4ac 
ee 


et eee re, ce 2y-xy c y(2-x) y 
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x7 -5x+6 9 x7-6x4+8 = x? -5x4+6 x*-9x+20 (x-2)(x-3) (x-4)(x-5) x-5 





B+ > ODS OS  OOoDa aoe oes 
x7 -9x4+18 x7-9x+20 x72-9x418 x7-6x+8 (x-3)(x-6) (x-2)(x-4) x-6 
77 es +2x- IS. Se L2e ae +2x- 15 x? -5x- —36 _ (x+5)(x- 3) &+9Q- oe 
y= 4x-45 x2 -5x-36 x2 -4x-45 xx 12. (x+5)(x-9) (x+4)(x-3) 
79 heals x? mack 2-11 +28 _ se = -x? a -—-x-42 —_ 2+ x)4- x) (4+ O)(%- 7) __x+6 
x 4 Ix+10 0 x2 =—x-42 x2 +7xt10 x2 -11x4+28  (x+2)(x+5) (x-4)(x-7) x +5 
81 2x 23% = 20. Oy = 5x = eee -3x- eee 412749" Creo 4) (2x+3)(2x+3) _ 2x+3 
Wie Je— 30 4x7 4+12x+9 2x*-7x-30 2x? -5x-12 (2x+5)(x-6) (2x+3)(x-4) x-6 
83 9x* -16 ee Pilea 9x? -16 ae +10x+3 _ Gx+4)Gx—- 4) (4x+3)2x+1) _ 4x43 
* 6x2 -l1x+4 8x? +10x+3 6x? -11x+4 6x? +11x+4 (3x- 4)(2x-1) (3x+4)(2x+1) 2x-1 
85 8x7 +18x—- S) be +22x+15 _ 8x? +18x- 5. 10x? +11x-6 
" 40x2=9x4+2 10x2+11x-6 10x2—9x+2 8x2 +22x415 
— (2x+5)(4x- 1) (2x +3)(5x -2) 
 Qx~ 1)(5x-2) (2x +3)(4x +5) 
= 2x+5)(4x-1) 
(2x —1)(4x +5) 
Applying Concepts 9.1 


87. (x+6)(x+1)=0 
x+6=0 x-1=0 
x=-6 yal 
The fraction is undefined if x = -6 or x= 1. 


89. x*-1=0 
(x+1)(x-1=0 
x+1=0 x-1=0 
x=-1 wl 
The fraction is undefined if x =-1 or x= 1. 


91. x?-x-6=0 
(x-3)(x+2)=0 
x-3=0 x+2=0 
3 x=-2 
The fraction is undefined if x = 3 or x = -2. 


93. x7 +6x+9=0 
(x+3)? =0 
x+3=0 


x=-3 
The fraction is undefined if x = —3. 


95.  6x?-5x-4=0 
(3x-4)(2x+1) =0 
3x-4=0 . 2x41=0 

OX. 2x=-1 
4 1 
= x=-— 


3 2 


The fraction is undefined if x = : orx= “5. 


o7, 22.4.4 ab a 4 4a’ 4a 


3b 4 35 a. Gab) Sb 
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oe. (4) { y ge ee are ee AEs A 
y? 4-x yo (4-x) ~—_y®(4-x)(4-x) y* 


xe4x-6 x74+3x-4 x7-16 0 x27 4x-6 x74+3x-4 x7-4 
Sa ge ae 


_ (= 2)(x-2) 
(x+4)(x-4) 


Section 9.2 


Concept Review 9.2 
1. Always true 


3. Never true 
The LCM of x, x, and x® is x°. 


5. Always true 


Objective 1 Exercises 


1. 8x2y =2-2-2-x-x-x-y 
12xy” =2-2-3-x-y-y 
LCM =2-2:2:3-x-x-x-y-y =24x°y* 


Ss 10x*y? =2-5-x-xX-X°xXyy 
15x3y =3-5-x-xx-y 
LCM =2-3-5-x-x-x-x-y-y = 30x4y? 


5. 8x2 =2-2-2-x-x 
4x? +8x = 4x(x+2)=2-2-x(x+2) 
LCM =2:-2-2-x-x(x +2) =8x7(x+2) 


ie 2x?y=2-x-x-y 
3x? +12x =3x(x+4) 
LOM = 2-3-x-x-y(x+4) = 6x7 y(x+4) 


9. 8x2(x—-1)? =2-2-2-x-x(x-1)(x-1) 
10x3(x—1) =2-5-x-x-x(x-1) 
LCM =2-2-2-5-x+x-x(x—1)(x=1) = 40x3(x-1)* 


11. 4x-12=4(x-3)=2-2(x-3) 
2x2 -12x +18 = 2(x? -6x +9) =2(x —3)(x-3) 
LCM = 2-2(x-3)(x—3) = 4(x -3)” 


13. (2x-1)(x+4) 
(2x +1)(x +4) 
LCM = (2x-1)(x + 4)(2x +1) 


15. (x-7)(x+2) 
(x-7)? =(x-T(x-T) 
LCM = (x +2)(x-7)(x-7) 

=(x+2\(x-7 
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17. 


19. 


21. 


23. 


25. 


27. 


29. 


31. 
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(x+4)(x-3) 

x+4 

x-3 

LCM = (x + 4)(x-3) 


x? +3x-10 =(x+5)(x-2) 
x? +5x-14 =(x+7)(x—-2) 
LCM = (x +5)(x—2)(x +7) 


x? -10x +21 =(x—-3)(x-7) 
x? -8x +15 =(x—-3)(x-5) 
LCM = (x-3)(x-7)(x—-5) 


x2 +7x4+10 =(x+2)(x+5) 
x? —25 =(x+5)(x—-5) 
LCM = (x +2)(x+5)(x—5) 


2x* -7x +3 =(x-3)(2x-1) 
2x? +x-1=(x+1)(2x-1) 
LCM = (x -3)(2x-1)(x +1) 


2x? -9x +10 =(x-2)(2x-5) 
2x? +x-15 =(x+3)(2x—5) 
LCM = (x—2)(2x-5)(x +3) 


15+2x-x? 
x-5 
x+3 
LCM =(x+3)(x-5) 


=(3+x)(5—x) 


x? +3x-18 =(x+6)(x—3) 
3-x 

x+6 

LCM =(x+6)(x-3) 


Objective 2 Exercises 


33. 


35. 


37. 


The LCM is x?. 


The LCM is x?(x-3). 
Sener 2 xy 


—— 


x(x-3) x(x-3) x x 2(x- 3) 
6 6 x-3 6x-18 


Roe sin x? (x-3) 








39. 


41. 


43. 


45. 


47. 


49. 


51. 


The LCM is x(x-1)?. 
9 9 Be x 9x 


Go” Golly x Gee 


6 6  x-1_ 6x-6 


x(x-1) x(x-1) x-1. x(x-1)? 











Ne Fs eee reer 
x3-x)  —x(x-3) x(x-3) 
The LCM is x(x —3). 

Dua oan Reet 
peg. =x 23 x x(x- 3) 

Oa itn de 

x(3-x)  x(x-3) 











Jnaw =? 2 
Say G25) a5 
The LCM is (x —5)?. 
ici oa 
(x-5)? (x-5)? 























x +2x x(x+2) x ~ (x42) 
4 4 x+2  4x+8 


x2 x? x42) x2(x 42) 

The LCM is (x +3)(x—4). 

x-2 x-2 x-4 a x? -6x+8 

x43. x43 x-4 (x43\x—4) 
a x? 43x 

x-4 x-4 x43 (x4+3)(x—-4) 





The LCM is (x +2)(x-1). 


289 SS on PL os 
x? +x-2 (x+2)(x-1) 
x x <x-l x2 -x 





x+2 ~ x42 x-1  (x+2)(x- 1) 


The LCM is (2x —5)(x—2). 

5 = 5 
2x*-9x+10 (2x-5)(x-2) 
wa) xT 2 x? -3x+2 


2x-5 Seo (2x -5)(x-2) 


Section 9.2 


53. The LCM is (x +3)(x-2)(x-3). 


x . x Px oe x? -3x 
x24x-6 (x+3)(x-2) x-3  (x+3)(x-2)(x-3) 
2x 2x x=2 2x? —4x 


x2-9 (x¥+3)(x-3) x-2 (x+3)(x—2)(x—3) 


ine x x = x 


9-x2 GP 9) 2-9 (x+3)\(x-3) 





Tm jl x i) x? —3x 
Q-x2  (x+3(x-3) x-3 (x +33) 
xl x-1) x43 x? +2x-3 


x? -6x4+9 (x—-3)(x-3) x+3  (x+3)(x-3)" 


Sita 3 3 3 
20+x—-x~ —-(x°-x-20) x°-x-20 (x+4)(x-5) 
The LCM is (x + 4)(x—S). 


3x 3x. X44 3x7 +12x 





x-5 x-5 xt4 (x+4)(x—5) 
coe Mat esse x? -5x 
x+4 x44 x-5 (xt4)(x—5) 
Se ORR Ag. Ged Ane 
2+x-x2 (x +4)(x-5) 











Applying Concepts 9.2 


59. The LCM is 107. 
_3_ 10? _ 300 
102 i102 104 
le le 
10* 104 

61. The LCM is b. 


63. The LCM is y-1. 


65. The LCM is (x-1)°. 
x?41 x741 
(x-1 ) («-1) 
cal etl xa1_ x? -1 
GDF GDP eT =D? 
1 1 (x-1)? _ x? -2x41 
x-1 x-1 (x-1*% .(@-1)° 
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67. 4a? -4b? = 4(a2 —b*) =4(a+b)\(a- b) 


8a-8b = 8(a-b) 
The LCM is 8(a+b)(a—b). 
Bee b ae 2b 
4a? -4b2 4(at+by(a—b) 2 LC +b)(a-b) 
a a aeby a? +ab 








8a- Bho 8(a—b) atb GEENA b) 


69. ae +2x+xy+2y =(x? 5D) +(y 22) 
= x(x +2)+ y(x+2) 
=(x+2)(x+y) 


x? ay 2x-2y= (x? + xy) —-(2x+2y) 
= x(x + y)—-2(x+y) 


=(x+y)(x-2) 
The LCM is (x + y)(x+2)(x—-2). 
1 1 x= 2” xo. 
POT toy (x+2)(xt+y) x-2 (xt+y\x+2)(x—-2) 
] 1 x+2 x+2 


——=_ = 


x? +xy-2x-2y ~Gtyx—2) x42 (x+y\(t2(X—-2) 
Section 9.3 


Concept Review 9.3 


1. Never true 
To add two fractions, build the fractions so they have a common denominator. Then add the numerators and place 
their sum over the common denominator. 


3. Never true 
To add two fractions, first build both fractions so that they have a common denominator. The common denominator is 
usually the LCM of the denominators. 


5. . Always true 


Objective 1 Exercises 


ee 




















3. -—_ = ——_ = - 
x+4 x+4 x+4 x+4 
5 3x SX.2. BRESK BY 
“2x43 2x43 2x43 2x43 
7 2x+1 3x46 _ 2xt+1+Gx+6) _ 5x+7 
sees x-3 x-3 
9 Sx-1_3x+4_ 5x-1- ~Gx+4) _ S5x-1-3x-4 _ 2x-5 
“x49 x+9 x+9 x+9 x+9 
u BT ph Xl (AN) 2 See aes ~3x=4 4 
2x+7 2x+7 2x+7 2x+7 “Ox+7. 
13. Se SS pe ele 
x7 4+2x-15 x2 4+2x-15 x? +2x-15 (x +5)(x -3) x+5 
15 ot? Sel aos (= 2) 2x 73= x+2_ x+5 “e - 
X= =30 x =x=30- x2 =x=30 (x+5)(x-6) (x+5)(x-6) | 
17. ee a y-5 = et (y=5) [4ytioyts) oecye le _ 30+ 4) es 


2y?+7y-4 2y*2+7y+4 9 2y24+7y-4 (y+4)Qy-1) (y+4)(2y-1) (y+4)Qy-1l 2y-1 


Section 9.3 





im as Sarit ei ates ee Ee ae Ox eee) 
+ ke? 2974-20 2% *-9x+20 x? -9x+20 x? nex e 
aes needs —3-4x* -2x-1 
x* -9x+20 
eee 
(x-4)(x-5) 
at 
x-5 


Objective 2 Exercises 


23. The LCM of the denominators is xy. 
oe 5 ere et ele Sx _ 4yt+5x 


xy xy yx ay x xy 


25. The LCM of the denominators is 2x. 
12 3. 12 -2p—5 





27. The LCM of the denominators is 12x. 
1 5 ‘) 7 i675 3, 27° 2 


— — a a + — 


2x, 4x = 6x2 2x86004x 3 6x 2 
6 15 14 


+ 
12xal2x 2x 
=O 45444 ..-5 


12x 12x 


29. The LCM of the denominators is 6x. 
5<. 2 3 _-> Di A) eo! 3 3x 


— +} es ees ee 





_10x 12. 9 
Grae ore 
_ 10x— 12+9x 

6x2 

aS S12 

6x" 


31. The LCM of the denominators is 20xy. 
a Igo cuy soy 10x. 53 4y Tl Sx 


mn ee a +} ee 


40y 30x  12y 5x 


~ 20xy 20xy 20xy 20xy 


_ 40y— 30x +12y—5x 
20%) 


f o2y ok 
20xy. 


33. The LCM of the denominators is 15x. 
2x41 x=1 alee 2h 34 x71 -1 » 


3x 5x 3x 5° “5x, 3 
_10x+5 , 3x-3 


1xe me 155 
_ 10x+5+(3x-3) 


15x 
13x42 


15x 
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35. The LCM of the denominators is 24x. 
x- =35 x+4 x-3 faa? 3 


SS 


6x 8x 6x 4 8x 3 
— 4x-12 | 3x+12 
24x 24x 
_ 4x-12+(3x+12) 
24x 
=Htee ed 


24x 24 


37. The LCM of the denominators is 45x. 
2x+9 x- eS 2x+9 5 x-5 9 


9x 54 9x, 5 5x 9 
_10x+45  9x-45 


45x 45x 
_ 10x+45-(9x-45) 


45x 
_ 10x+45-9x+45 


45x 
x+90 


45x 





























39. The LCM of the denominators is 2x”. 
x+4 x-l _x+4 x x-1 2 


ann IDS bE eae ee I 











De 2x? 

( x? +4x—(2x-2) 
< 2x? 

x? +4x-2x+2 
. 2x? 

a x? +2x+2 

Dy? 


41. The LCM of the denominators is 4x”. 
x-10 , x+1_ Feed 10 x1 2x 
4x2 2x 4x2 “2x “2x 
= x-10 e 2x? +2x 
4x? 4x? 
_ x-10+(2x? +2x) 
¥ Ax? 
pk 2x? +3x-10 
‘ 4x? 
43. The LCM of the denominators is 3y. 
8 _y 3y, 8 = 3ys 3 
Bye le syaersyeuesyaaesy, 
_ 3y* +8 
= > 














45. The LCM of the denominators is x + 4. 
4 4 x x+4 











err Cie ry @ 
_ 4+(x? +4x) 

a igedee 

a. x? +4x4+4 
gtd 


47. The LCM of the denominators is x + 1. 
Boer Re a | * x-2 








xt+l <x+tl 
dial eae) 


x+l1 
Stes 


x+1 
_ 4x+7 


x+l 


49. The LCM of the denominators is 12x. 
2x4 _xn4 2x41 2 x-4 3x 
Gee x Get? Cha Bx 

_4xt+2 ie —-12x 
12x 12x? 
_ 4x+2-(3x? -12x) 
12x? 
_ 4x4+2-3x? +12x 
fs 12x? 
-3x7 +16x+2 


12x? 


51. The LCM of the denominators is x” y. 
X+2_3x-2_x+2 x a 2 
xy xy xy x xy 

Exe Is —2 








xy x?y 
_ x? +2x-(3x-2) 
x?y 
2 2 
x +26 - 342 x He FZ 
xy xy 


53. The LCM of the denominators is 12x”y? 
4x-3 - 2x+1_4x-3 4y era 2x+1 3x 


3x2y_ tee 3x7y 4y = “3x 
_ 16xy-12y 6x? +3x 
~ 2x*y2 4 2x2y2 
_ 16xy-12y + (6x? +3x) 
5 12x? y* 
_ l6xy—12y+ 6x? +3x 
‘i 12x*y? 








55. The LCM of the denominators is 24x7y. 
Za2_ 347 _ x22 3y_ x67 25 
8x2 12xy 8x? 3y 12xy 2x 

_ 3xy-6y 2x” +14x 
 24x?y —_2axy 

_ 3xy-6y—(2x? +14x) 
A 24x7y 

_ 3xy-6y—2x? -14x 
a 24x*y 





57. The LCM of the denominators is (x —2)(x +3). 


Aaeee) 4 x+3 5 x-2 


e252 443 x-2 x43 Ox43Gr=2 
a 4x+12 5x-10 
(x =2)(x+3)e (4-2)(% +3) 
_ 4x%+12+(6x=10) 
(x -—2)(x +3) 
* 9x+2 
(x —2)(x +3) 





59. The LCM of the denominators is (x —7)(x + 3). 


6 4 Ot Se ee, 


X-7 x+30 x-7 x+30 x+3 x-7 
, 6x+18 4x-28 


GTS a TS 
a 6x +18-(4x — 28) 


(x-—7)(x +3) 
— §x+18—4x +28 
~ (x-7)(x +3) 
_ 2x +46 
~ (x-7)(x+3) 
_ 2Ax+23) 
ke IKE +3) 


61. The LCM of the denominators is (x +1)(x—3). 
ey a eed stl 
is 2x* -6x * x+1 
~ (x+D(x-3) (xt 1)(x-3) 
_ 2x? -6x4(x+1) 
~ (x+1)(x-3) 
_ 2x? -Sx4l 
~ (x+1)(x-3) 
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63. The LCM of the denominators is (2x -1)(x —6). 
4x Sac At ex —6 5 2x-l 








+ 4x? -24x iF 10x-5 
© (2x-1(x-6)  (2x-1(x-6) 
_ 4x? —24x-(10x-5) 

~ (2x-1)(x-6) 

_ 4x? -24x-10x+5 

~ (2x-1)(x-6) 

4x? -34x+5 


~ (2x-1)(x-6) 


65. The LCM of the denominators is a — 7. 
2a 5 2a 5 -1 
+ = +——_ 
a-7 7-a a-7 -(a-7) -1 
2a -5 
= + 
a-7 a-7 
eee tt (5) 
a-7 
—"2a=5 
a-7 
67. The LCM of the denominators is (x + 3)(x — 3). 
“XH eh Os StS 
x27-9 x-3- (x+3)(x-3) x-3 x43 
- x SX 9 
(x+3)(x-3) (x+3)(x-3) 
Beetat: (Orch) 
(x +3)(x -3) 
: 4x+9 
(x +3)(x -3) 


69. The LCM of the denominators is (x + 2)(x — 3). 
2X 5 2x SxS 




















iy 2x te 3x-9 

~ (x+2)(x-3) (x+2)(x-3) 
an tt=(B%z 9) 

~ (x+2)(x-3) 

Ded aod ee 

MRD 

~ (x+2)(x-3) 
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71. The LCM of the denominators is (x—5)(x — 5). 


32> Irom? Susie ede yt3 Se 5. 
x -10x425° x-5 (x= 5Kx—5)) -x—5 x—5 
ge Brel teh 3x —15 
© (x-5)(x-5)  (x-5)(x-5) 
Ee oka iat 15) 
~ (x-5)(x—-5) 
pot ioe t ls 


~ (x-5)(x-5) 
pees WANS 
~ (x-5\(x-5) 


73. The LCM of the denominators is (x + 6)(x-—7). 
x+4 ‘3 3 = ~x+4 < 3 xt6 
x =x 4d Pe Gta) 7) x46 
ee te ba + 6) 
~ (x+6\(x-7) (x +6)(x-7) 
es x+4 = -3x-18 
(x+6)(x-7) (x+6)(x-7) 
_ x4+4+(-3x-18) 
~ (x+6)(x-7) 
_ ar 14 
(x +6)(x-7) 
= —2(x +7) 
(x+6)(x-7) 








75. The LCM of the denominators is 2x(x + 2). 
x Z x EG 2 2 





iF x? = 4 
~ Qx(x+2)  2x(x+4) 
se x*-4 
~ x(x +2) 
_ (x= 2x +2) 
~ 2x(x+2) 
me 
Wx 7 
77. The LCM of the denominators is (x —2)(x +1)(x-1). 
x-1 3 x-1 —x=1 3 x41 
x?—x-2 x2-3x42 (e-2(x+1) x-1 (X-2(x-1) xt 
- x or) 3x+3 
~ (x=2YxtD(x-D (x-2)(xX + D(X-D 
pt x? -2x+14+3x43 
~ (x=2Y(x+D(x-1 
ie xr 4x44 
~ (x-2)(x+1)(x-1) 
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79. The LCM of the denominators is (x + 1)(x - 6). 











1 Xe 5x-2 = 1 X= a x +1 5x-2 
x+1 x—-6 x -5x-6 x+1. x-6 x-6 x+1 (x+1)(x-6) 
x-6 xr +x 5x-2 


~ G+Ix-6) (x+D(x—-6) (x4 1\x-6) 
ake 6 +(x? +x)—(5x-2) 
 (x#1(x-6) 
_ x-6+x7 +x-5x42 
~ (x+1(x-6) 
S x? -3x-4 
~ (xt D-6) 
_(@+DQ-4) 
~ (x+1)(x-6) 
_x-4 
~ x-6 
81. The LCM of the denominators is (x— 1)(x - 3). 
eee 
erie 83 de eT 5-3 3 x-1 (x-1)(x-3) 
3x2 -8x- Eo x? -2x+1 x+1 
co I(x-3) (x-1I(x-3) («-)D(-3) 
_ 3x? -8x-3-(x? -2x 41+ (xt) 


























(x -1)(x-3) 
_ 3x? -8x-3-x? +2x-1+x41 
(x=) 
_ 2x? -5x-3 
(x -1)(x - 3) 
_ (x-3)(2x+1) 
(x -1)(x -3) 
_ 2k#1 
x-1 
Applying Concepts 9.3 87. The LCM of the denominators is (n-1)?. 
83. The LCM of the denominators is a — b. (n+1)? Benes _1 =i? 
preps bn eee BES Leb - (n-1/? (n- 1)? 1 (n-1)° 
a-b b-a a-b (-l)(a-b) 1 a-b _n 242nt1_n?-2n+l 
= aa (n- ai) (n- a? 
Reidel a as Dit Nines w —2n+1) 
 a=b (n- 0 
_ 2a-b) b) =? an 2 42n+1—n? +2n-1 
(a—b) (n-1)° 
85. The LCM of the denominators is b + 4. Ee 
5 _b b+4 3 b+4, 5 (n-1) 
b-3+— = —- —_ - > —— + 


b+4 1 b+4 1 b+4 b+4 
b?+4b 3b+12, 5 
Sah ie We deaBs a 
_ b? +4b-(Bb+12)+5 
= b+4 
_ b? +4b-3b-1245 
a b+4 
_b?+b-7 
 b+4 
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89. 


91. 


95. 


97. 


99. 


Chapter 9: Algebraic Fractions 


Loree 2xt9° _ ~(2x+9) 
3-x EG EGeaa) me x-3 





"The LCM of the denominators is (x — 3)(x + 7). 


Qxt9 x45 2x7 4+3x-3 _ —-Qxt9) x47 xt5 x-3 2x7 43x-3 
‘Big. PAD ede a ee x47 x-3 (x= DE+7) 
94 = 23x63 x? +2x— Seely, +3x-3 
(x= 3xtT)  (x— 3x7) (x—-3)e+7) 
_ -2x? -23x-63 +22 +2x-15-2x? -3x+3 
ii (x-3)(x+7) 
_ -3x? -24x-75 
~ (x—3)(x +7) 
_ -3(x? +8x +25) 
~ (x-3)(x+7) 
2 


x7 4x-6 x°4+5x44 2 (x+3)(x-2) (x+4)(xt+1) 2 


Sa ATE SEES TD. RSE at EGA 


x2 +2x-8 x24+2x-3 x-1 (xt+4)(x-2) (x4+3)(x-1) x -1 
_& +3)(x-2)(x+ 44+) _ 2s 
(x +4)(x-2)(x+3)(x-1) x- eo 
x+1 p 





eo9 gx 42-200 1 = -9 x?-x-12, 1 
x2 46x49 x2—-x-12 xtl x246x49 x°4x-20 xt] 
— &+3)0- 3) (x= 4y(x+3),_1 1 
(x+3)(x+3) (x+5)(x-4) x41 
_ &+3)A- 3)(x = 4yxt+3) 1 1 
~ (xt 3x4 3x t 5)(x— 4) x+l1 
ei or 1 


cis. x+l1 


x45 x+1l x+1 x+5 
-% x? -2x-3 x+5 
~ (x+5)(x+1) (x+5)(x4)) 
_ x? -2x-34+(x+5) 


(x +5)(x +1) 
Ln Ket? 
(x+5)(x +1) 
1 1 ele Slee 4 -( =] 
— ¢ — te = t= === | or 
1:2) 9223.) 2) 6 Oe OS 6 ees 2+1 


1 1 1 ele le Gre ee ol 93 ae 

— tt tet = + + — = = ==] 0 

ie 2:3 324 2) OID S122 ew? ol2 eed) aa 
1 1 1 1 1 pe eee 30 10S oes (0 +) 


[22:9 34 45=2 6 1220560) OO a) 60 eet 


4+1) 


Sum of 50 terms is =. Sum of 100 terms is a Sum of 1000 terms is ae 





6x+7y Boxy. Ty ao. pel 
xy xy xy = 25 
2mn? + 8m2n - 2mn2 8m?n | yD : 8 
mn? mn? mn Wen mn 
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Concept Review 9.4 


1. Sometimes true 
A complex fraction is a fraction that has a fraction 
in the numerator, in the denominator, or in both 
the numerator and the denominator. 


3. Never true 
To simplify a complex fraction, multiply the 
numerator and denominator of the complex 
fraction by the LCM of the denominators of the 
' fractions in the numerator and denominator. 


5. Always tre 
Objective 1 Exercises 


1. The LCM of x and x? is x”. 
See x? lex? +3-x? 


1-4 aie ae 1-x? = 5e ae 
x 








x? = x(x +3) x 


x2 -9 ~ (x+3)(x- 3) x-3 


3. The LCM is x + 4. 


2- a Ble x+4 


3-2, 3-22 x+4 
2(x + 4)-~85 («+ 4) 
© 3(x + 4)- 2 (x +4) 
_ %x+4)-8 __ 2x+8-8 
~ 3(x+4)-12 3x+12-12 
Sel 


She 
5. The LCM is y—2. 
1+525 +527 y-2 








Somes ey y-2 
p= ee 2) 
V1G=2)- 50-2) 
Os 2)+5 oer —2+5 to +S, 
~ (y-2)-2 -y-2-2 -y-4 


7. The LCM is x+7. 


Se 


—>—_— - ————— 





4(x+7)- =ty(x+7) 
© 5(x+ Nt (xt7) 
_ A(x+7)-2 _ 4x4+28-2 
~ S(x+7)+1  5x+3541 
_ 4x4+26 _ 2(2x+13) 


~ §x+36 5x +36 
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9. The LCM is x—-2. 


ep ee ge 
: 3 (x-2)+H(e-2) 
~ 454-2) + 4(x-2) 
3+3x—6 


~ 44+4x-8 
_ 3x-3 3 


" Ax—4 4 
_ 3@-)) 1) 


alr 1) 


11. The LCMis x?. 


i 2x? +5x+2 
_ 2x+1D(x-2) 
~ (2x+1)(x+2) 
x-2 
x+2 





13. The LCM of x and x? is x’. 
1 6 S 
lope 1- a =F y2 


nfo 
mfx 
N 


ee 
x29 (x +3)(x-3) 
x+2 
x+3 





15. The LCM of x and x? is x”. 
1-$-§ 1-4-§ 22 


Tee ies at 
2 


“1-4. 2 


Six? +8.x —— x 
x? -5x-6  (x+1)(x-6) 


x 46xt5 (xt1(x+5) 
eG 
x+5 
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: is 2x + 1. 
17. The LCM of x and x is x?. 21. The LCM is 2x + 








ee eee l~ayer _ Io ager 2xt1 
x 
Teme e AAS he ee 
cee ato NY 
x 12x +1)-7%7(2x +1) 
2 a ee = 
Sie as x(2x+1)—zh5 (2x +1) 
aa el ene 2x t1—x x+1 
le ~ 2x? tx-1 @FDQx-1 
Bane: 
_ x? -6x48 _ (x-2)(x~4) 1 
443x—x?  (1+x)(4-x) + Dest 
x=2 
a 23. The LCM is x +4. 
x-5+ x-S+ +4 
19. The LCM is x +3. mnbaienee 27S tgee x44 
x+3-~2, x+3-545 x+4 
Nae eS 


iets ae _ G+ 4+ HE t4) 
lke es © (430+ 4)-2g (x +4) 


~ 1@4+3)4 +3 oe ee 

“ Jat x? 4+7x412-2 x7+7x+10 
=x +3x=4 _ t+ HO-) _ (+2) %—3),- 4-3 

x+341 (x+4) ~ (xt 2x45) x45 


25. The LCM is x- 6. 
x+3- 10 a=etce x6 x-6 (x+3)(x-6)- Se 6) 
Se peat ee es -3x- bos GE Dayx- 3s 
x?-4x-12-20  x*-4x-32  (x+4)(x-8) x-8 
27. The LCM is 2y + 3. 
y- +75 _ y-6t-5¢t7 2y43 OF phovag taza G) 5) 


* y-S+5h, ah y- Peas 2y+3 o 5)(2y+3)+ahhy 1. (2y +3) 





~ 2y? -7Ty-15+11 ~ Qy* -Ty-4 ~ Qy+IVy- 4) 2y+l 
29. The LCM is 2x - 3. 


x= ie eh ee poe lia 3h Or agg et) 
2x-1-y 8, 2x-1- By 2x-3  (2x-1)(2x-3)— 485 (22-3) 
- Ee a =3x-2 _ (2x+1Xx-2) _ x-2 


4x7 -8x4+3-8 4x7-8x-5 (2x +1)(2x- 5m 2x-5 
31. eae: ee 2 is (x + 1)@—2). 
i tae -4 xsiXx 2) 


1+—L-- au (x +1)(x-2) 


_1at)@- 2)- et DQ- 2) 
~ Ax t De-2) + At Dx-2) 


_ x? -x-2-2%x-2) _x?-x-2-2x+4 
aes 2+x+1 #1 


nox” —3x+2 _~&- 2)(x- DS x-2 


xo -1 22G@EDGO-) xo 
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33. The LCM of x + 4 and x- 1 is (x + 4)(x- 1). 
Gras ee (Xt Ax- 1) _ Mx+4)(x-1)- style + 4yx- 1) 
14+ ata (x+4)(x-1) de i Vert DE) 
a +3x-4-2(x- es +3x-4-2x4+2 x? 4+x-2 


x7 43x-443(x+4) x243x-443x412 x2 4+6x48 
— (4+2)- i) eee eee 


~ (x+2)(x+4) x+4 


35. The LCM of x and x- 1 is x(x- 1). 
2 1 


peg ee a oe) ~ eT ONCe- 1) 
24s 346 xG-)  2@O-)+4AWe-dD 
Ret ee eet 
3(x-l)+x 3x-3+x 4x-3 
37. The LCM of x and 2x- 1 is x(2x- 1). 
Belo ed xx) WOCx—)-LO)Gz-D 
ea at iat x(2x-1) 4(x)Qx-1) +424 (22-1) 
St=(2e 1). see rel x+1 
~ A(x 42x 8x- 45y 10x-4 | Gee 2) 
39. The LCM of b—4 andb + 1 is (b- 4)(b + 1). 
Bed BaT _ Bea Ba (- 441) _ g- H+) -F-HO+D 
pace eee (b-4)(b+1) 27(b-4)(6+1D)-7Qb- 46+ 1) 
_ 3(b+1)-2b-4) _ 3b+3-2b+8 __b+11 
5(b—4)-(b+1)  5b-20-b-1 46-21 























=1+——=1+==+4+=== 

1 3 one S 
oh oe pee eo 
Las in x; n= x x-l 
x-l1 x x-l-x -l 1 


« SH Eh pbs 
oar a be a be a’b 
_ t-a?b?-4$-a°b? ab? -a"b __ab(b-a)___ ab 
re a b?-a2 (b+ a\(b-a) bt+a 


er ___y’-16 
4.dy—3-4y+}-Ay 16-12y+2y" 
Gio 4) Ot%O-4 _ _yt4 


St ae eae 


Ay? — 6y +8) 2y-4)(y=2) gore! 
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Section 9.5 
Concept Review 9.5 
1. Always true 
3. Always true 
5. Sometimes true 


A quadratic may have two solutions, it may have one solution, or it may not have a real number solution. 
7. Always true 


Objective 1 Exercises 


3. ei 7 The LCM is x. 
x 


*(2+5} ae 
1 x 1 


ae 
x 


2X45) =01-G 
5=5x 
l=x 
1 checks as a solution. 
The solution is 1. 


5. ie 4) The LCM ie 3 


-3 checks as. a solution. 
The solution is —3. 


7. 2iseg The LCM is y. 

yy, 

l\y 1 

I a 
yl 

2+5y=9y 

2=4y 

ae 
2 y 


: checks as a solution. 


The solution is > 
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x-4 
4x+(x-4)5 =5x 
4x+5x-20=5x 

9x-20=5x 
—20 =-4x 
=e 
5 checks as a solution. 
The solution is 5. 








11. POR 














a=3 
3 does not check as solution. 
The equation has no solution. 


: The LCM is (x -1)(x +2). 
x+2 


(-De42) x _@- eee), 8 


1 x-1 x+2 
i +2)x =(x- vB 
x? +2x =8x-8 
x? -6x+8=0 
(x -4)(x-2)=0 
Both 4 and 2 check as solutions. 
The solutions are 4 and 2. 





13. cee 


1‘ ee ee LCM ic Gaver. 


ek 
(x4 44-1) 25° (xt 4G-D) 3 





TS ee 
(x—-1)2x =(x + 4)3 


2x? -2x =3x+12 
2x? -5x-12=0 
(2x +3)(x-4) =0 
2x+3=0 x-4=0 
2x =-3 x=4 
3 


x=-— 
2, 
Both -+ and 4 check as solutions. 


The solutions are -+ and 4. 
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17. 


19. 


21. 
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_ (x-2)x+6=3x 
x? -2x+6=3x 
x? -5x+6=0 
(x -3)(x-2) =0 
x-3=0 x-2=0 
3 i= 
2 does not check as a solution. 
3 does check as a solution. 
The solution is 3. 
x 2 x+6 


+—_ = 
x+2 x-2 x°-4 








The LCM is (x + 2)(x—2). 


ees 2 [See es 
1 x+2 x-2 1 x-4 
(x+2)(x-2) <x (xt2)Kx—2) 2-7 G#2G=Z) x+6 


1 x+2 1 x-2 1 (x +2)(x-2) 
(x-—2)x+(x+2)2=x+6 
x? -2x+2x+4=x4+6 
x? 4+4=x4+6 
x*-x-2=0 
(x-2)(x+1)=0 
x-2=0 x+1=0 
ey x=-l 
2 does not check as a solution. 


—1 does check as a solution. 
The solution is —-1. 


ee a1 The LOMi yD): 
yo ya2 
DOSES ORO 
1 y 1 y-2 
Guage). 2 =) | 
1 y-2 1 
8y-16=2y+y? -2y 
8y-16=y" 
0=y? -8y +16 
0=(y-4)0-4) 
y-4=0 y-4=0 
ee ea at 


4 checks as a solution. 
The solution is 4. 


Objective 2 Exercises 


27. 


29. 


31. 


33. 


35. 


x 
18=2x 
9=x 
The solution is 9. 


16 _ 64 
dont 264 
9x-—=9x-— 


x 
16x =576 
<= SO0 
The solution is 36. 





The solution is 10. 


Ze20 


AVigk 3 


2 20 
8) = 1-3): 
(+=3) 7 (x -3) en 


(x -—3)2 =220 
2x -6 = 220 
2x = 226 
= ill3 
The solution is 113. 


16 8 








x=-2 


The solution is 15. 


37. 


41. 


43. 
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9 be 3 
x+2 x-2 


ss POM: 
(x+2)(x Digg et ee 2) = 


(x —2)9 =(x+2)3 
9x-18=3x+6 
6x-18=6 
6x = 24 
x=4 
The solution is 4. 











Objective 3 Exercises 
39. 


Strategy 

To find the number of people, write and solve a 
proportion using x to represent the number of 
voters who favored the amendment. 


Solution 





[|p AIA 
Ww 
AoA 





35,000: — = : 
7 35,000 

20,000 = x 
20,000 people voted in favor of the amendment. 


? 


Strategy 

To find the number of air vents, write and solve a 
proportion using x to represent the required 
number of air vents. 


Solution 
“2ag 
300 21,000 
46 fe 21,000 
300 21,000 
140=x 
140 air vents are required for a 21,000- ft 
building. 





21,000- 


Strategy 

To find the amount of sugar, write and solve a 
proportion using x to represent the number of cups - 
of sugar. 


Solution 


Ul 


[xe Mle NIX NH] 


vy - 
w N[WwW]Nohd|y 
Ml 


x 


2 


N 


Na w 
2 1 


l 
x» NN pp 


-h 


For 2 c of boiling water, 6 c of sugar are required. 
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45. 


47, 


49. 


51. 
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Strategy 

To find the number of fish in the lake, write and 
solve a proportion using x to represent the number 
of fish in the lake. 


Solution 
ae 


80 x 


801 =) = 201) 
80 x 
4x = 3200 


x = 800 
There are approximately 800 fish in the lake. 


Strategy 

To find the number of vials required, write and 
solve a proportion using x to represent the number 
of vials. . 


Solution 
eee rak 
100 175 


704 =) x 704 =.) 
100 175 
56 = 4x 


14=% 
14 vials are needed. 


Strategy 

To determine if the shipment will be accepted, 
compare the ratios of defective bearings to total 
bearings. 


Solution 

400_ 2 

20,000 100 
2 3 
— << —— 
100 100 


Yes, the shipment will be accepted. 


Strategy 

To find the number of miles between the two 
cities, write and solve a proportion using x to 
represent the distance between the two cities. 





Solution 
100 __x_ 
coe 
100_ x 
Sue 45 
4 8 
1100 1 x 
8 4 84 
100 _ x 
6 45 
99.1% _ 99. 
6 45 
1500 = 2x 
1500 _ 
2 
x = 750 


The distance between the two cities is 750 mi. 


53. 


55. 


57. 


59. 


Strategy é 

To find the additional number of acres, write and 
solve a proportion using x to represent the 
additional number of acres. Then 50 + x is the 
total number of acres. 








Solution 
0. SOx 
1100 1320 
A _S0+x 
221320 
1 50+x 
1320, —| =132 
(3) { 2) 
60 =50+x 


10=x 
10 additional acres must be planted. 


Strategy 

To determine the recommended area, write and 
solve a proportion using x to represent the area of 
the window. 





Solution 
SS PvEX 
12 8-12 
ease 
12 96 
of <5) =94 55) 
12 96 
Ae 
The recommended area of the window is 40 ft?. 
Strategy 


To find the additional amount of coffee needed, 
write and solve a proportion using x to represent 
the additional number of gallons. Then 5 + xis the 
total number of gallons. 


Solution 
> _ Ste 
50 70 
atx 
10 70 
(i) e) 
10 70 
7=5+x 
2=x 
To serve 70 people, 2 additional gallons of coffee 
are needed. 








Strategy 

To find the number of milliliters of syrup, write 
and solve a proportion using x to represent the 
amount of syrup. 


Solution 
age 
7 280 
280-4 =280.—- 
7 280 
160 =x 
160 ml of syrup are in 280 ml of soft drink. 


Objective 4 Exercises 


61. 


63. 


65. 


Strategy ; 
Triangle ABC is similar to Triangle DEF. Write 


and solve a proportion, using x to represent the 
length of DE. 


Solution 


x=128 
The length of DE is 12.8 in. 


Strategy 

Triangle ABC is similar to triangle DEF. Write 
and solve a proportion, using x to represent the 
height of triangle DEF. 


Solution 
CB _ height of triangle ABC 
FE height of triangle DEF 
Dine 3 


14 x 


i a 
14 x 
9x = 42 

x = 4.67 


The height of triangle DEF is approximately 
4.7 ft. 


Strategy 

To find the perimeter of triangle ABC: 

° Use a proportion to find the length of AC. 

¢ Use a proportion to find the length of BC. 

¢ Add the measures of the three sides of triangle 
ABC. 


Solution 
AB _ AC 
DE DF 


| + 


nn. 
ll 
— 
eas 


os 


— 
N 
+ 


SE > : 
Ml il Wout 
Salemi os 
| ae 


_ 
= 


=x 
BC=8 
Perimeter = AB+ AC + BC 
=4+4+6+8=18 
The perimeter of triangle ABC is 18 m. 
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67. Strategy 


To find the area of triangle ABC: 

¢ Use a proportion to find the height of triangle 
ABC. Let h represent the height of triangle ABC. 
° Use the formula for the area of a triangle to find 
the area. The base of triangle ABC is 12 cm. 


Solution 
AB _ height of triangle ABC 
DE height of triangle DEF 
12 _h 
22 Sue lS 
(22.5)(15)-22- = (22.5)(15)-% 
. 22.5 i 5 
180 = 22.5h 
8=h 
ba bh 
i 
=—(12)(8) 
7! )(8) 
= 48 


The area of triangle ABC is 48 cm’. 


Strategy 

ZBDE = ZBAC and ZB = ZB, thus triangle BDE 
is similar to triangle BAC because two angles of 
triangle BDE are equal to two angles of triangle 
BAC. Write and solve a proportion to find the 
length of BC. 

AB = AD + DB=12+8=20 


Solution 
BD _ BE 


AB BC 
8 6 


= x 6 
20x-— = 20x-— 
x 

8x =120 


~=15 
The measure of BC is 15 m. 


- Strategy 


ZOMN = ZOPQ and ZMON = ZPOQ, thus 
triangle NMO is similar to triangle QPO. Solve a 
proportion to find the length of QO. 


Solution 
MO _ NO 
PO QO 

20 _ 25 
"Bx 
eee 


x=10 
The measure of QO is 10 ft. 
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73. Strategy 75. Strategy 
Triangle MNO is similar to triangle OPQ. Solve The triangle the person makes with his shadow is 
one proportion to find the length of OP. Solve similar to the triangle that the flagpole makes with 
another proportion to find the length of OQ. Let x its shadow. Write and solve a proportion to find 
represent the length of OQ and 20 — x represent the height of the flagpole. 5 ft 9 in = 5.75 ft. 
the length of OM . Let y represent the length of , 
OP. The perimeter of Triangle QPO is the sum of Solution . 
the measures of the sides of the triangle. height of person _ length of person's shadow 
Siiieon height of na re of flagpole’ s aay 
ra eB cE 545 oo 12 
9 12 20h = 208 
ay 172.5 =12h 
By aye 14.375 =h 
3 y The height of the flagpole is 14.375 ft. 
9y = 36 
y=4 Applying Concepts 9.5 
ao emi: a-2 ; 
PQ oOo 77. Gs ae The LCM is 4. 
oe 3 1 ca? 
% ix 4-3a=4{50-0)+ } 
9 20-x 4 2 4 
3x-—=3x: 
7 3a = 2(3-a)+(a—2) 
9x = 60-3x 3a=6-2a+a-2 
: 12x = 60 3a=4-a 
x=5 4a=4 
Peri = a=1 
Poe ee 1 checks as a solution. 
er aea tS =12 The solution is 1. 
The perimeter of Triangle OPQ is 12 m. 
1 x+2 3 
79. aes +——— The LCMis (x+2)(x- 
ine Be oi ae c is (x+2)(x-1)(x +1). 
etl eee Pat? e 3 





(x+2)(x-1) (x+1)(x-1) x42 
(X+2)(x-Ix+I) xt) _ (e+ 2H KH (__ x42 
1 (x+2)(x-1) 1 


(sax 1D) x42 


Ce 
1 (x+1)(x-1) 1 


x? +2x+1=(x+2)(x+2)+3(x-1)(x+1) 
x? 42x 41=x7 +4x4443(x? -1) 

x? +2x+1l=x? +4x4+443x2 -3 

x? +2x+1=4x7 +4x41 


0 = 3x? +2x 
0 = x(3x +2) 
x=0 3x+2=0 
3x =-2 
x=-> 


Both 0 and -5 check as solutions. 


The solutions are 0 and ->. 





3 / 
(x+1)(x-1) 33 


Ga2)G=)GapreS 


81. The first integer: x 
The next consecutive integer: x + 1 


The multiplicative inverse of the first integer: - 


Xx 
The multiplicative inverse of the second integer: 
1 


x+l1 


The sum of the 
multiplicative inverses 
of the two integers 





Dee). exes =12x(x+1{ J} 
x x+1 12 


12x +12+12x =—7x? -7x 
Tx? +31x+12=0 
(7x +3)(x+4)=0 
7x+3=0 x+4=0 
i Fes x=-4 


x=-= 
7 
: 32 . oe , 
Since “7 is not an integer, it is not a solution. 
x=—-4 


x+1=-4+1=-3 
The integers are —3 and -4. 


83. Strategy 
To find the person’s share, write and solve a 


proportion using y to represent the first person’s 


share. 
$25 + $30 + $35 = $90, the total amount spent. 


Solution 
25 y 
90 4.5 
3 _2y 
18 9 
18 9 
5=4y 
5 
y=— 
y=1.25 


The first person’s share is $1.25 million. 
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85. Strategy 
To find the total cost of 24 photos, write and solve 
a proportion using x to represent the cost of 24 
photos minus the sitting fee. Then x + 4 is the 


total cost of 24 photos. 
Solution. 
10=4 x 
10 24 
oe 
10 24 
Sex) 
Smo 
120-2. =120- 
5 24 
tox 
14.40=x 


x+4=14.40+4=18.40 
The total cost of 24 photos is $18.40. 


Section 9.6 

Concept Review 9.6 
1. Always true 
3. Always true 


5. Always true 


Objective 1 Exercises 


1. Keer 
2 





7. P=2L+2W 
P-2W =2L+2W-2W 
P-2W=2L 

P-2W _2L 
jag ee 
Balan 
2 
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11. 


13. 


15. 


17. 
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i oncepts 9.6 
A= 5 Hby +by) Applying Concep 
1 19. a. S = 2nrh+2nr? 
2-A Sea he +b») S—2nr? =2nrh 
2A = h(b, + bp) S-2nr?  2nrh 
2A = hb, +hb, = 
2A —hby = hb, + hby - hb, p's a 
2A —hb» = hb, ————-=h 
2A—hby _ hb, 2nr 
h h 2 
2A ~ hb, ) fase. 
ae 2mr 
| p = 12m -2n(1)" 
Va lap 2n(1) 
3 107 
ae ay 
3-V=3-— 
h=5 
3V =Ah The height is 5 in. 
3V _ Ah 
AG Re pa oe 
Svea i 2mr 
A pw 24 = 202)? 
paces 2n(2) 
an n= ee 
te 1 
R= 1S palo 
Rt=C-S r in 
Rt-C=C-C-S So cee: 
Rt-C=-5 The height is 4 in. 
—1(Rt-C) = -1(-S) c 
C2Ri=s 21. ee 
=. 
A=P+Prt d-n.=0-n {= ) 
A=P(1+rt) fr 
A__ Pil+rt) (I-r)S=C 
I+ l+rt SEO 
A -rS=C-S 
len ee oS 
-S +S 
A=Swt+w eee 
A=w(S+1) te Cae 
A__ w(S+1) 
S+1 $+ pene 
Ae S 
S+1 140-112 
140 
28 
r=— 
140 
r=0.20 
The markup rate is 20%. 
S-C 
r=—_—_ 
S 
p= 2250.40 
72 
21.60 
r=—— 
72 
r=0.30 


The markup rate is 30%. 
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Section 9.7 3. Strategy 
, ¢ Time to remove the earth with both skiploaders 
Concept Review 9.7 working together: t 
qeaNever nie Rate Time Part 
The work problems require use of the equation 
Rate of work - Time worked = Part of task First skiploader 
completed 
3. Always true Larger skiploader 
5. Never true 
Uniform motion problems are based on the e The sum of the parts of the task completed by 
equation each skiploader must equal 1. 
Distance = Rate - Time 
Solution 
Objective 1 Exercises Laem 
1. Strategy 12 4 
e Time for the sprinklers working together: t 1 + | Sioa 
Rate Time Part 12 4 
t+3t=12 
; 41 =12 
First sprinkler aS 


With both skiploaders working together, it would 
take 3 h to remove the earth. 


Second sprinkler 





5. Strategy 


: ¢ Time for the computers working together: t 
e The sum of the parts done by each sprinkler 


Rate Time Part 





must equal 1. 
Solution First computer 
ee 
Second computer 
ier : 
2t+t=6 * The sum of the parts of the task completed by 
3t =6 each computer must equal 1. 
fe 
It will take 2 h to fill the fountain with both Solution 
sprinklers operating. ot te 
Sno 
mie a+5) =150-1 
75 50 
2t + 3t =150 
St =150 


t=30 
With both computers working, it would take 30 h 
to solve the problem. 
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Strategy 11. 


¢ Time using both air conditions: t- 


Rate Time Part 


Smaller air conditioner 


Large air conditioner 





¢ The sum of the parts done by each air 
conditioner must be 1. 


Solution 
teugt 
— + —— = 
60 40 
tae met 
12 aa) =1-120 
60. 40 
2t + 3t =120 
5t =120 
t=24 
Working together, the air conditioners can cool 
the room 5°F in 24 minutes. 


. Strategy 13. 


¢ Time for the second welder to complete the 
task: t 
Part 


Rate Time 


First welder 


Second welder 





¢ The sum of the parts of the task completed by 
each welder must equal 1. 


Solution 


—+—= 
10 ¢ 
OmG 
104 —+—]|=10t-1 
10 3) 
6t + 60 = 108 
60 =4t 
=e 
The second welder, working alone, would take 
15h. 


Strategy 
¢ Time for the second pipeline, alone: ¢ 


Rate Time 


| First pipeline 


Second pipeline 





¢ The sum of the parts done by each pipeline must 
equal 1. 


Solution 


45 ¢t 
45. a+} =1-45t 
45 ¢ 
30t +1350 = 45r 
1350 =15t 
9=t 
It would take the second pipeline 90 min, working 
alone. 


Strategy ; 
* Time for the older reaper to harvest the field: ¢ 


Rate . Time Part 


New reaper 


Older reaper 





¢ The sum of the parts done by each reaper must 
equal 1. 


Solution 
It would take the older reaper 3 h to harvest the 
field. 


15. 


17. 


Strategy 


* Time for the second technician to complete the 
task. 


Rate Time Part 


First technician 


Second technician 





¢ The sum of the parts of the task completed by 
each worker must equal 1. 


Solution 
4 6 


Leet 
123 —+—] =12-1 
{i+3) 


6+2t¢=12 
| 2¢=6 


It would take the second technician 3 h to 
complete the task. 


Strategy 
e Time for the smaller heating unit: t 


Rate Time Part 


Large heating unit 


Small heating unit 





¢ The sum of the parts of the task completed by 
each heating unit must equal 1. 


Solution 


The small heating unit would take 145 h to heat 


the pool. 
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19. Strategy 
¢ Time for one welder to complete the task: t 


Rate Time Part ° 


First welder 


Second welder 





¢ The sum of the parts of the task completed by 
each welder must equal 1. 


Solution 
t t 


10 >) 
—+—]=t-l 
tt 


10+30=¢ 


It would take one welder 40 h to complete the 
task. 


Objective 2 Exercises 


21. ¢ Rate of hiking: r 
Rate of car: 9r 


Distance Rate Time 





¢ The total time spent hiking and driving was 3 h. 


Solution 


9 2420) -9r-3 
Taeor 


45 +90 =27r 
135 =27r 
j=, 
The rate of hiking is 5 mph. 
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Strategy 
* Rate of the helicopter: r 
Rate of the jet: 4r 


Distance Rate Time 


Helicopter 


Jet 





¢ The total time for the trip was 5 h. 





Solution 
180 i 1080 =5 
r 4r 


4 i) GrPn, 
r 4r 


720 +1080 = 20r 
1800 = 20r 
90=r 
4r =90-4 =360 
The rate of the jet is 360 mph. 


Strategy 
¢ Original rate: r 
Increased rate: r + 2 
Distance Rate Time 


First leg of trip 


Second leg of trip 





* The total sailing time is 4 h. 


Solution 





r+2{ 348) r42)-4 
r r+2 
15(r+2)+19r = 4r(r +2) 
15r+30+19r =4r? + 8r 
34r +30 =4r? +8r 
0 =4r? -26r-30 
0 = 2(2r? -13r-15) 
0 = 2(2r-15)(r +1) 


2r-—15=0 r+1=0 
aN r=-] 
r=—=7.5 
2 


The solution —1 is not possible because the rate 
cannot be negative. The rate for the first leg of the 
trip is 7.5 mph. 


- 27. 


29. 


Strategy 
¢ Distance the family can travel: d 


Distance Rate Time 


Downstream 


Upstream 





¢ The sum of the times must equal 3. 


Solution 
18). 12 
18 12 

2d +3d =108 
5d =108 


d=21.6 
The family can travel 21.6 mi down the river. 


Strategy 
¢ Rate in traffic: r 
Rate on expressway: r + 20 


Distance Rate Time 


In congested traffic 


On expressway 





° The total time for the trip is 1 h. 


Solution 





r- r+20 


r(r+20 — = 
r r+2 


10(r + 20) + 20r = r(r + 20) 
10r + 200+ 20r = r? +20r 
30r +200 =r? + 20r 
0=r? -10r-200 
0=(r—20)(r +10) 
The solution —10 is not possible because the rate 


cannot be negative. 
The rate in congested traffic is 20 mph. 





31. 


33. 


Strategy 
e Rate of the current: r 


Distance Rate Time 


Downstream 


Upstream 





* The times to travel in each direction are equal. 











Solution 

7D, AS 

20¢+r 20-r 
4 75 45 
20+r)(20-r)- =—— (20+ r)(20- 
(20 +r)(20-r) ie Sr r)(20-r) 


(20 —r)75 = 45(20 + r) 
1500 —75r = 900 + 45r 


600 = 120r 
5=r 
The rate of the current is 5 mph. 
Strategy . 


¢ Rate of the freight train: r 
Rate of the express train: r + 20 


Distance Rate Time 


Freight train 


Express train 





° The time of the freight train equals the time of 
the express train. 


Solution 
360 _ 600 
r r+20 
360 600 
r(r +20 : } =r(r+20 7 
(r + 20)(360) = 600r 
360r + 7200 = 600r 
7200 = 240r 
30=r 
r+20=30+20=50 
The rate of the freight train is 30 mph. 
The rate of the express train is 50 mph. 





Section 9.7 247 


35. Strategy 


¢ Rate of the cyclist: r 
Rate of the car: r + 36 


Distance Rate Time 


Cyclist 96 





Car 384 r +36 


° The time of the cyclist equals the time of the car. 


. Solution 


96 384 


r r+36 


r(r+ 36{*°) =r(r+ 36{ ee } 
r r+36 
(r +36)(96) = 384r 


96r +3456 = 384r 
3456 = 288r 
12=r 
r+36=12+36=48 
The rate of the car is 48 mph. 
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Strategy 
e Rate of the jet stream: r 


Distance Rate Time 


With jetstream | 2400 | 550+r 


Against jet stream 2000 550-r 





¢ The time with the jet stream equals the time against the jet stream. 











Solution 
2400 _ 2000 
550+r 550-r 
2400 2000 
550+ 7r)(550 —- = (550 + r)(550 — ry} ——— 
550-4 1880-rf EOP) = (550+ r1550-r <0] 
2400(550 — r) = 2000(550 + r) 
1,320,000 — 2400r = 1,100,000 + 2000r 
220,000 = 4400r 
50=r 
The rate of the jet stream is 50 mph. 
Strategy 
¢ Rate of the current: r 
Distance Rate Time 


With current 


Against current 





The time spent rowing with the current equals the time spent rowing against the current. 














Solution 

29 AS 

20+r 20-r 

25 15 
20+ r)(20- =(20+7r)(20- 
(20+r)( Wot. r)( ee 


(20 —r)25 =(20+r)15 
500 — 25r = 300+ 15r 
200 = 40r 
S=r 
The rate of the current is 5 mph. 


Applying Concepts 9.7 


41. Unknown time to fill the tank working together: t 


43. 


Rate Time 
First pipe 


Second pipe 


1 
a 
1 
4 
a 
5 


Third pipe 





e The sum of the parts of the task completed by the three pipes is 1. 


Solution 
Loe Cet 
—+—+-—=1 
Dano ee) 


af $+t45)=20-1 
2A aS 
10¢+5¢+4t=20 
19t = 20 


20 

t=— 

19 
pai 
19 


It will take 1 h to fill the tank with all three pipes operating. 


Strategy 
e Rate on foot: r 
Rate by canoe: 4r 


Distance Rate Time 





e The time walking is 1 h less than the time canoeing. 


Solution 


8_, 
4 


: 
The time spent traveling by canoe is 2 h. 


vals le wl 
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Strategy ta 
e Unknown rate for the bus to travel 150 mi under normal conditions: r 


Distance Rate Time 


Normal conditions 


Reduced conditions 





° The time traveling at the reduced rate is 30 min, or 3 h, greater than the time driving under normal conditions. 


Solution 
i aoe 
r r-10 2 
150 150 61 
(r)(r —10)(2): — = (7)(r -10)(2} ——- 1] 
r r-10 2 


300(r - 10) = 3007 — r(r-10) 
300r — 3000 = 300r - r? +10r 
-3000 =10r—-r? 
0=r* -10r—3000 
0=(r+50)(r—60) 
r+50=0 r-60=0 
r=-50 r=60 
—50 does not check as a solution. 


60 checks as a solution. 
The usual rate for the bus is 60 mph. 


Focus on Problem Solving . 17. Ifa student attends Barlock College, then the 


student will take a life science course. 


Negations and [/f...then... Sentences 


18. If the ball is a baseball, then it is round. 


1. Some cats do not like milk. 
19. If the device is a computer, then it needs people. 
2. Some computers do not need people. 
20. If the animal is a cat, then it likes milk. 
3. No trees are tall. 
21. Ifthe number is odd, then it is not divisible by 2. 
4. No vegetables are good for you to eat. 
22. If the figure is a rectangle, then it does not have 
5. Some politicians are honest. five sides. 
6. Some houses have kitchens. 23. If the path is a road, then it leads to Rome. 
7. Some police officers are not tall. 24. If the animal is a dog, then it has fleas. 
8. Some lakes are polluted. 25. If the figure is a triangle, then it does not have 
9. All banks are open on Sundays. ae ae 
10. All colleges offer night classes. 26 ee is greet (hese eer ee ot 
11. All dri fe. 
vers are safe Calculatars 
12. No speeches are interesting. 
1. 1(1507)(7519) = 11331133 
13. Some laws are not good. 2(1507)(7519) = 22662266 
; 1507)(7519) = 33993399 
14. Some Mark T book t fi : 3 
Se ape ke eee 4(1507)(7519) = 45324532 
15. Some businesses are profitable. Note that a pattern of four digits repeats each time 
a single-digit positive number is multiplied. This 
16. Some motorcycles are large. __ is because each number is multiplied 


(1507)(7519) 
= 11331133. 


2. Information needed 
Circumference of the earth: approximately 28,000 
miles 
Population of the United States: approximately 
250,000,000 


An assumption must be made in determining the 
distance one person would occupy. Assume each 
person occupies 1 ft. 


Distance = 28,000 m{ 708 


_ = 147,840,000 a 
If each person occupied 1 ft, 147,840,000 people 
would encircle the earth. 
It would take 147 million people to stretch around 
the earth at the equator. Because there are 250 
million people in the United States, there are 
enough people to encircle the earth. 


5280 ee) 


3. 1 =1 i =01 
? 
—=0.5 —=0.1 
fees? 
-=03 —=0.09 
3 
1.0.25 — = 0.083 
i 'f 
—=0.2 — = 0.076923 
5 _ 
20.16 — = 0.0714285 
eh 
—= 0.142857 —=0.06 
i a 
ge 0.125 — = 0.0625 
The reciprocals of 1, 2, 4, 5, 8, 10, and 16 have 
terminating decimal representations. 
The reciprocals of 3, 6, 7,9, 11, 12, 13, 14, and 
15 have repeating decimal representations. 
4. 4! =4 1=1 
4? =16 1-2=2 
4° =64 1-:2-3=6 
44 = 256 1-2-3-4=24 
4° =1024 1-2-3-4-5=120 
4° = 4096 1-2-3-4-5-6=720 
47 =16,384 1-2-3-4-5-6-7 = 5040 
48 = 65,536 1:2-3-4-5-6-7-8 = 40,320 
4? =262,144 1-2-3-4-5-6-7-8-9 = 362,880 
8 is the largest number for which 4” >1-2-3---n. 
5, 15? =225 
35? =1225 
65? = 4225 
85? = 7225 


Conjecture: The square of a number ending in 5 
will end in 25. 


752 = 5625 


1252.215,625 
The conjecture works for 75 and 125. 
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6. 1+1000=1001 


2+999 =1001 

3+998 =1001 

4+997 =1001 
The sum of each pair is 1001, and there will be 
500 pairs. 
500(1001) = 500,500 
The sum of the first 1000 natural numbers is 
500,500. 


7. 0.25x =1200 


x = 4800 
The minimum take home pay is $4800. 
Since 25% of the gross income is spent on taxes, 
insurance and retirement, $4800 represents 75% 
of the gross monthly income. 


The technician must earn a minimum gross 
monthly income of $6400. 


Projects and Group Activities 


Intensity of Illumination 


The intensity of illumination on the desk is 
6.25 Im. 


320=s 


80 = — 
25 


2000 = s 
A 2000-candela light is needed. 
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4 


r 


0 


2 J 5 I ce 
o 


r? 10 = 


10r? =4 

10r? — 40 =0 

10r? - 40 =0 

10(r? - 4) =0 

10(r +2)(r -2) =0 
r+2=0 r-2=0 
r=-2 a= 

The solution —2 is not possible. 
The light must be 2 m from the desk. 


6. l= 


wr 
t| | @ 


0.01= 
r 


r2(0.01) =r? 


See 


2) 
r2 
0.01r? = 36 
0.01r? -36=0 
100(0.01r? — 36) = 100-0 
r? -3600=0 
(r+ 60)(r-60) =0 
r+60=0 r-60=0 
r=-60 r=60 
The solution is —60 is not possible. 
The distance is 60 m. 


Chapter Review Exercises 


J 
8ab* 5xy* e 2:2-2-5ab*xy* i. by? 


15x3y 16a°b 35222 2x*ya-b bax? 











2. 5 ES Pa a ad Es 
3x-4 2x+3 3x-4 2x4+3 2x4+3 3x-4 
e 10x +15 * 12x-16 
(3x—4)(2x+3) (3x-4)(2x+3) 
eelOxtISt 125-16 | 22x-1 
i (3x — 4)(2x +3) ~ 8x—4)(2x +3) 
3. 4x+3y=12 
4x+3y—3y=-3y+12 
4x =-3y+12 
4x _—-3y+12 
qin Sed 


3 
=——yto 
x a 


64 = S52 : 
The candela rating of the second light is 
64-candela. 


ae. 
eo 
10 _ 40 
6* rp 
10 40 
36 
5 40 
18 
1873( >) = ie 2] 
5rz = 720 
re =144 
re -144=0 


(% +12)(% -12) =0 
th +12=0 rm -12=0 
tr =-12 ty =12 
The solution —12 is not possible. 
The distance is 12 m. 


6. 


as 


111 
_222.2x°y? 
2 2. 2 3xyl0 


16x°y? 
24xy!0 





ie 


2k 
~ By? 


20x? -45x 40x? -90x2 


6x2 +4x7 12x? +8x 


gperlie 
5x-2 
3x-4—z88, 


E 20x? -45x_ 
6x? +4x? 


Se16" 
Mam ay=) 


~ 3x—4— 88> 5x2 


12x? +8x 
40x? — 90x? 
5x(4x-9)  4x(3x+2) 
~ 2x2(x+2) 10x2(4x—9) 
" 5x(4x —9)-4x(3x + 2) 
2x? (3x +2)-10x?(4x-9) 
1 


x? 


5x-2 





k ree 2) 
© (Bx —4)(5x — 2) — 3885 (5x -2) 
_ 5x2 -2x-16 

"15x? -26x+8-88 


% 5x* -2x- 


16 


~ 15x? —26x—80 
_ (5x+8)(%-2) 


~ (5x +8)(3x—10) 


aor 
3x-10 





24a2b> =2-2-2-3a7b? 
36a°b =2-2-3-3a°b 

LCM =2-2-2-3-3a°b? 

LCM = 72a°b> 


9. The LCM is 16x?. 


10. 


11. 


12.. 


oa 3 waoeyaoe 





=e: — = 





2x? -13x-45 
2x? —x-15 


x? -5x-14 x 2_4x-21 


Wi ne eon, 


x*-3x-10 x 2_9x7+20 


ayes 3 2y 


+— =§ + — 
Sy-7 7T- Say es ~ 5y- 7 -(y-7) 


_ (2x+5)(x- 
~ (2x4+5)(x- 


~3x+7 3x+7 3x47 3x47 


9)_x-9 





ayerc=3 


x? =5x-14 x 2_9x+20 


SF eet oT 


x? —3x-10 x? -4x-21 


_ &-D&+2) G-NE-4 
(x-5)(x+2) (x-7)(x+3) 


x-4 





Tee 


3 2y 3 


Se Se 


S5y-7 5y-7 Sy-7 
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3x3+10x2 -20x-4 _ x2(3x+10) _4(5x-1) 

10x-2 6x*+20x? =. (Sx-1)  2x°Gx +10) 
_ xx +10)-4(5x-1) 

2(5x —1)-2x3(3x +10) 

1 

x 


= 


2x7 +5x-3 2x*+5x-3 2x* +5x-3 
Lotto ok 4 


i“ 2x? +5x-3 
2x~l1 


re) 
2x-1 


~ (x 1)(x+3) 
1 


~ x43 


15. 5x4(x-7)? =5x4(x-7)? 
15x(x -—7) =3-5x(x-7) 
The LCM is 15x*(x-7)?. 


16. 








(x-7)(x-6 —) =-m1x-0{ 4) 
x-7 x-6 
(x -—6)6 =(x-7)8 
6x -36 =8x—5S6 
—36 =2x—-56 
20=2% 
10=x 
The solution is 10. 


or 47: cash ieee 


x+4 x+4 


(+4228) <r+afi+—) 
x+4 x+4 


x+8=x+44+5 
x+8=x+9 
849 
The equation has no solution. 








12a7b(4x-7) _ 2:2-3a7b(4x-7) __ 4a 


18, —3 = > 
15ab7(7-4x) 3-Sab*(7-4x) 5b 


5x-1 -4x-3 8x-1  5x-1+(4x-3)-(8x-1) 

OO ee re as a eee eae 
x°-9 x°-9 x*-9 x°-9 

_5x-1+4x-3-8x41 


x? -9 








ets 
x9 
eae 


~ (x+3)(x-3) 





20. 


21. 


23. 


Chapter Review Exercises 


Strategy 

To find the perimeter of triangle ABC: 

° Use a proportion to find the length of AC. 

* Add the measures of the three sides of triangle ABC. 








Solution 
BC _AC 
EF DF 
as 
9 12 
36.£.= 36.2. 
9 12 
24 =3x 
8=x 
Perimeter = AB+ BC+AC 
=10+6+8 
=24 
The perimeter of triangle ABC is 24 in. 
20 als: 
2x+3 2x+3 








Ox4+3/ ” }=ex+3/ Ue -5) 
2x+3 2x+3 


20 =17x —5(2x +3) 
20 =17x-10x-15 
20 = 7x-15 
B5\=11 X 
S75 
The solution is 5. 


Zs Ee = (x- aes) 


ee ee x35 (x-1)(x +3) 
© So (e-1(e +3) + Ap (x- De +3) 
_ (x+3)-H(x-1) 
~ 6(x-1)+2(x +3) 
p3x415—-3x+3 


6x -6+2x+6 
_ 2x+18 


8x 
es 2(x +9) 


8x 
x+9 


4x 


The LCM is (x + 2)(x—5). 
4 oes 52h +15x-11 (x=1 x-5_3x-2 x42 | Sx? 4+15x-11 
oe 5-x  7x*-3x-10 xt+2 x-5 x-5 x+2 tiem 5) 
AES 1(x- 5) 1Ox= 2y(x+2) , Sx? +15x-11 
(x+2)(x-5) (x+2)(x-5) (x+2)(x—-5) 
_ x? -6x+5-(3x? +4x—4)+5x? +15x-11 
y (x+2)(x-5) 
_ x2 -6x45-3x7 = 4x4445x7 +15x-11 
ad (x+2)(x—-5) 
_ 3x*+5x-2 _ (3x-I(x+2) _3x-1 


“x4 DO— 5) (*+2)(x-5) aS 
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26. 


27. 


29. 


30. 
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_ 9x-1(2x+3) (x-3\(x-3) 
~ (9x=1)(x-3) (2x+3)(x +3) 





eo 
x+3 
x7 +x-30 _(x+6)(x-5)__ x +6 = Leer ee 
15+2x-x2 (5-x)B+x) x43 1 Deas x? 
eee a oe » 1-x?*-1.x? a x? x 
7a a 1-x? — 8x57. 2° x4 ~ (8-7) 
x 
1 342) -142-2) a x2-x ___*(%-1) 
5 i & x? 8x47 (x-7)(x-1) 
alae ae nee 
10+7x =28-2x tu 
ae 32. x-2y=15 
The solution is 2. x-2y+2y=2y+15 
x=2y+15 
6 
xtzhs _xtshs 2-5 63.9. £696 19 a 
14-2, 14-24, x-5 33. —+—=—-— +—-— 
x-5 x-5 a bab ba 
_ (4-5) +=85(x-5) _ 6a , 9a 
~ Ie-5)+25(x-5) ab ab 
2 6b+9a 
Xe Xt 6 5 
x-54+2 
= &-2)@-3) 34. 10x? -11x+3=(5x—3)(2x—1) 
ee 20x? -17x+3 =(5x—3)(4x-1) 


3x7 +4x-15 x2 -5x-14 




















The LCM is (5x — 3)(2x — 1)(4x - 1). 














SDE CS aS . 100m 
x*-11x+28 3x*+x-10 35) i= ; 
= (3x —5)(x+3) . (x -7)(x+2) 100m 
(x-7)(x-4) (3x-5)(x+2) Gime ; 
ware ci=100m 
Ne ci _ 100m 
x x+12 i on 
i, aa _ 100m 
4{2)-4f 222) i 
5 9 153 
9x = 5(x +12) 36. ae 
9x =5x+60 15 3 
= lo iM 
The solution is 15. = = 3x 
=x 
3 x The solution is 40. 
20 80 
3 x 37. 2-2 
(3)--4a) oe 
20 80 22 
12=x Qx+5{ 2.) = 2x49) 
The solution is 12. Sa 
12=4x 
3=x 


The solution is 3. 


38. The LCM is 60x. 
ahs wit Zax t7 4 x72 -2 3 


15x. 20x 15x 4 20x ee 
= Ax+28 3x7 -6 


60x 60x 


- 60x 
ret 22 


60x 














16a? ~9 Be alae 
16a*-24a+9 4a? -5a-6 
_ (4a+3)(4a-3) (8a+3)(a-2) 
~ (4a-3)(4a-3) (4a+3)(a-2) 
_ 8a+3 

4a-3 


39. 





40. 12x? +16x-3 =(6x-1)(2x +3) 
6x? +7x-3 =(3x-1)(2x +3) 

_ The LCM is (6x — 1)(2x + 3)(3x- 1). 
— = oxr1 
12x +16x—3 (6x—N(2x+3) 3x-1 

Ka 3x2 -x 
~ (6x—1)(2x +3)(3x 1) 
4x? 4x? bx-1 1 
6p ed Gr DQx+3) 6x- 6x-1 
a 24x3 -4x? 
~ (6x —1)(2x +3)(3x-1) 


11 
44 oe ne et 2: 
-" dab 4ab 4ab  4ab 2-2ab ab 


20 _ 
x+2 16 


r+2y6{ 2 = (x+ 26{ =} 


16006) = (x +2)(5) 
320 = 5x +10 
310 =5x 
62=x 
The solution is 62. 


42. 





43. Sx_2_ 8x 
Se 


1-2) if) 
Sue) ) 


25x —6 = 24x 
-6 =-x 
6=x 
The solution is 6. 


45. 


46. 
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6a7b’ 12a3b* 6a2b’ 5x*y* 


eee 
25x°y 5x7y? 25x°y 12a°b* 
11 1 
6 2-3a7b! -$x?y? 
$-5x°y-2-2-3a°b* 
1 1 1 
aby 
10ax 
Strategy 


* Time for the apprentice to construct the patio 
Rate Time Part 


Mason - 


Apprentice 





© The sum of the parts of the task completed by 
each mason must equal 1. 


Solution 


6=t 
Working alone, it would take the apprentice 6 h to 
construct the patio. 


Strategy 
To find the distance, write and solve a proportion 
using x to represent the distance. 


Solution 
2112 


14 <x 
3_ 12 


a 


O43) 


x=8 
A weight of 12 lb would stretch the spring 8 in. 
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47. Strategy. 
e Rate of the wind: r 


Distance Rate Time 


With wind 2100 | 400+r 


Against wind 1900 |400-r 





¢ The time with the wind equals the time against the wind. 














Solution 
2100 1900 
400+r 400-r 
(400 + r)(400 — AZ a =| = (400+ r400-rf eal } 
400-r 
2100(400— r) =1900(400 + r) 
840,000 — 2100r = 760,000 + 19007 
80,000 = 4000r 
20=r 
The rate of the wind is 20 mph. 
48. Strategy 49. Strategy 
To find the amount of additional insecticide ¢ Time to fill the pool using both hoses: ¢ 
needed, write and solve a proportion using x to 
represent the additional number of ounces. Rate Time Part 
The 4 + xis the total amount of insecticide. ; 
First hose 

Solution 

4 4+ 4Atx 

2 “10, Second hose 

a= “5 x | 

qe * The sum of the parts of the task completed by 
10(2) =1 10 “ts) each hose must equal 1. 
20=4+x ; Solution 
16=x t 
16 additional ounces of insecticide are needed. 15 +e 1 
3 30-1 
(a+ i) 
2t +3t =30 
St = 30 


t=6 
Using both hoses, it would take 6 h to fill the 
pool. 


50. 


Strategy 
Rate of the bus: r 
° Rate of the car: r+ 10 


Distance Rate Time 





¢ The time of the bus equals the time of the car. 


Solution 
245, 315 


ie r+10 


315 
nr+10{ 2 5 2) - r(r +10{ 5) 


245(r +10) =315r 
245r + 2450 =315r 
2450 = 70r 
35=r 
r+10=35+10=45 
The rate of the car is 45 mph. 





Chapter Test 


1. 


x Sas ieatee 
x? maith x? hat 15 
= 43x42, x? +2x-15 


x 25x44 Toe 6 
— &+2)(e+)) | (x+5)(x-3) 
~ (x+ 4x41) (x -3)(x +2) 
x+5 

x+4 


2x 4 


x2 +3x—10 x2 4+3x—10 
2x-4 


"x +3x—10 
_ Ax-2) 2 


~ (x+5)(x-2) x45 








6x -—3 =3(2x-1) 
2x? +x-1=(2x-1)(x+1) 
LCM = 3(2x -1)(x +1) 

3 5 


x+4 <x+6 


(raya +o{— so} + 4ye46{ ~ =) 


(x+ oe (x+4)5 
3x+18=5x+20 
—2=2x 
-l=x 
The solution is —-1. 
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5 x°y4 x7 =X =2 

ae rarer ame 
x°-4x+4 xy 
___ xy* (= 2(x+) 
(x -2)(x-2) x°y4 
_ 2 y¥t@-DE+D 
(x-2)(x-2)x® y* 
. x+1 
x°(x-2) 


1-x? +1. x? at 
te +2.x? -5 ox a 


poets 12 _ («+4 3) _x-3 


x? +2x-8 (x+4)(x- 2) x-2 





7. x*-2x=x(x-2) 


x* -4=(x+2)(x-2) 
The LCM is x(x + 2)(x — 2). 


3 3 x+2 _ 3x+6 
we MX=2) x42 Me+2DR—2) 
x x x_ x 


Er (x+2)(x-2) x x(x+2)(x-2) 


8. 3x+5y+15=0 

3x+5y—-—5y+15=0-Sy 
3x+15=—-Sy 

3x +15-15=—-Sy—-15 

3x =—Sy-15 

Sry 19 

5 cs 
iors 3) 5 


9. eat 
x 


6 9422142 
x 


613 
x 


(-0 
x 


6=3x 
Die 
The solution is 2. 


Q2x-1 3x+1 2x-1 3x+1 3x+1 2x-1 
6x+2 x 6x-3 
(2x-1)(3x+1) (2x-1)Gx+1) 

6r4+2-(O%-0) 

~ (2x-NGBxt1) 

_ 6x+2—-6x+3 _ 5 

~ (Qx-1)3xt+1) (2x-NGx+) 
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Tl Biss Fea is 2128 4 40 19. 5-5 
"2 $8r47 x? = 4x—5 ce - 
wks -x- 56 z a= Are 5 (x- nx+3{ —)- (x- 2x43 = 23 
x? +$8x47— x? -13x+40 (x +3)2 =(x-2)12 
— &= 8D 4 =S)tD _ 2x+6=12x-24 
(x+1)(x+7) (x-5)(x-8) 30 =10x 
E 3=x 
12. at The solution is 3. 
x7 4+5x-24 x7 4+5x-24 x*4+5x-24 
Te Rr=9 2 be GS Se tied a xy? ete xy? (&+3)(%-3) 
(x+8)(x-3) (x+8)(x-3) x+8 x6 x2yt — (x42x-3) x24 
5.3 
13. 3x? 46x =3x(x+2) 22 ore 
2x? +8x+8 =2(x? +4x+4) (x+2)(x-3)x7y 
= 2(x+2)(x+2) _ (x+3) 
- LCM = (3x)(2)(x + 2)(x +2) y(x +2) 
= 2)? 
a? 2.020 x(x) =—x(x-1) 
2 a (x+1(x-D=(x+1D(x-1) 
AH Iae 10” (LIX eZ T=2 ; 
14, eee The LCM is x(x + 1)(x- 1). 
4 DY eS ay Pea 
She _ 10 x(l-—x) —-x(x-1) x+1 
ee ieee ie 
3x x(x +1)(x-1) 
Sr x-3 -2)= rs ue “ SS eee 
3x —2(x -3)=10 (x+1)(x- 2 (x+1)(x-1) x 
3x-2x+6=10 x 
poo. ~ x¢+D—1 
The solution is 4. 1-2-5 1-2-15 e 
eS ee ee 
16. f=vtat ae 1-243 1-2 x? 
f-v=v-vtat x x 
f-v=at 1 ee 
f-v_at a ee ete 
a a 
fav5te aa = 15 
a x? -25 
6 5)(x +3) 
7 1ax4y? 2.2. bxty 22x? (x-5)(x +5) 
* "18xy7 ast By wane 
11 fx*5 
18 ett 23. Strategy 
oy ster at To find the number of pounds, write and solve a 























~ @+DQx-1) (x+DQ2x—-D 
a 2x+2-(2x-1) 
(x +1)(2x-1) 
_2x+2-2x41 
(x+1(2x—-1) 
3 


~(@+DQx=) 














proportion using x to represent the additional salt. 
Then x + 4 is the total amount of salt. 


Solution 
4 _x+4 


AO NS 
i) 
10 15 
12 =2(x+4) 
12=2x+8 

4=2x 


2=x 
2 additional pounds of salt are needed. 








Cumulative Review Exercises 


24. Strategy 
* Rate of the wind: r 


Distance Rate Time 


With wind 


Against wind 





¢ The time with the wind equals the time against the wind. 














Solution - 
260 _. 180 
110+r 110-r 
260 180 
(110+r)(110 (=) (110+7r)(110 (A=) 
260(110 — 7) = 180(110+7) 
28,600 — 2607 = 19,800 + 180r 
8800 = 440r 
20=r 
The rate of the wind is 20 mph. 
25. Strategy 


* Time to fill the tank working together: t 
Rate Time Part 


First pipe 


Second pipe 





¢ The sum of the parts of the task completed by the two pipes is 1. 


Solution 
if + fi =] 
9 18 


1 542 )=18:1 
9 18 
2t+t=18 
31 =18 


t=6 
It would take 6 min to fill the tank with both pipes working together. 


Cumulative Review Exercises ; (2 (3 2),1.(2) (2 4), 1 
: 3 jar 3) o 5) tI G7 6) 2 
. 7 =-17 
ae Rael 
ae “9*le)*2 
2 =) aa 8 
4 ed 46,1 
ao 95 2 
ete 
1S 2) 
16 15 
=—+— 
30 30 
31 
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4. 


10. 


11. 
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-a? +(a-b)? -(-2)? +(-2-3)? 

= -(-2)? +(-5)? 

=-4425 

= 21 

—2x —(—3y) + 7x —Sy = -2x +3y + 7x—-Sy 
==2x +7x+3y—Sy 


=5x-2y 
2[3x — 7(x — 3) — 8] = 2[3x — 7x +21-8] 
= 2[-4x +13] 
=-8x +26 
a es 
4 
eee ee 
4 
aes 
4 
-{-4 )=-«s) 
4 
' x=-20 


The solution is —20. 


3[x — 2(x —3)] = 2(3-2x) 
3[x-—2x+6]=6-4x 
3[-x + 6] =6—-4x 
—-3x+18=6-4x 


- —3x+4x+18=6-4x4+4x 


x+18=6 
x+18-18=6-18 
x=-12 
The solution is —12. 


162%=4 
cpt 


PB=A 
1 
—(60)=A 
6 ) 
10=A 
16% of 60 is 10. 


x-224x-47 
x-4x-22>4x-4x-47 
—3x-22-47 
—3x-24+22>-47+2 
—3x >-45 
3.5 
3 -3 
ESS 


15. 


16. 


17. 





5x+2y <6 
5x—-5x+2y<-5x+6 
2y <—-5x+6 


5 
<-=x+3 
y 2* 


Sketch a dashed line y= -3x +3. 
Shade below the dashed line. 





F(x) =-2x+11 
F(-8) = -2(-8) +11 =16+11=27 
F(-4 = -2(-4) +11 =8+11=19 
f(O) = -2(0)+11=0+11=11 
f() =-2(3)+11=-6+11=5 
F() =-2(7) +11 =-14411=-3 
The range is {-3, 5, 11, 19, 27}. 


F(x) =4x-3 
f(10) = 410) -3 
fQ0) = 40-3 
f(10) =37 
The value of (10) is 37. 


18. 6x-y=1 
y=3x+1 
Substitute for y in equation (1). 
6x-(3x+1)=1 
6x-3x-1=1 
3x=2 
x==—. 


Solve for y in equation (2). 


2 

=3 —|41 
{3) 
y=2+1 
y=3 


The solution is & 3} 


19, 2x-3y=4 
4+y=1 
Eliminate y. 
2x-3y=4 
3(4x + y) = 3(1) 


2x—-3y=4 
12x+3y =3 


14x =7 


Solve for y in equation (2). 


The solution is & -1} 


20. (3xy4)(-2xy) = 3(-2)x! 4 y4*! 
= -6x4y° 


21. (a4b3)5 =a*5p>5 
= @2p!s 


2p-> 
22, SP ag? pO 
ab 
= ab 


a 


b 


) 


23. 


25. 


26. 


27. 


28. 


29. 
30. 


31. 
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(a-3b)(a + 4b) 
=a* + 4ab—3ab-12b* 
=a” +ab-12b* 


15b* 5b? +10b _15b* 5b” _ 10b 
5b Sb Sb SB 
= 3b? —b+2 


x? +2x+4 
x—-2)x? +0x? +0x-8 
x? -2x? 
2x? +0x 
2x? —4x 
4x-8 
4x-8 
0 
(x3 -8)+(x-2) =x? 42x44 








12x? — x-1=12x? —4x+3x-1 
= (12x? -4x)+(3x-1) 
= 4x(3x -1)+1x-1) 
= (3x—-1)(4x +1) 


y? -Ty +6 =(y-6)\(y-1) 


2a® + 7a? -15a = a(2a? +7a-15) 
= a(2a* —3a+10a-15) 
= al(2a” -3a)+(10a-15)] 
= ala(2a-3) + 5(2a-3)] 
= a(2a-3)(a+5) 


4b? -100 = 4(b? — 25) = 4(b + 5)(b—5) 


(x+3)(2x-5)=0 
x+3=0 2x-5=0 
x=-3 ant 


x= 


The solutions are —3 and >. 


x7 43x-28. (x+7)(x-4) x47 


16- x (4+x)(4-x)  x+4 
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32. 


34. 


3h): 
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+ 5 a a ea | 


= 237-10 x2-x-20 x? -3x-10 x?-2x-24 


_(@- 5)(c+2). (+4) 
~ (x-6)(x+2) (x-5)(x+4) 
=1 

6 ya Wig ak Beak i 


A551 telat ae el sl oxo 
6x46 6 x-2_—_ 6x +6 -(6x-2) 


(x-I(x+1) GBx- 1k +1) (x-1)(¢+1) 
_ $x +6-6x+2 _ 


We 1I)(x+1) ~ Bx - — +1) 





4x 8 


ee De 


x-3 x-3 


Sa) 
x-3 
4x -2(x-3)=8 
4x-2x+6=8 
2x+6=8 
2x —2 
i 
The solution is 1. 





f=vtat 
=v-v+at 


f-v 
fr-v 
fr-v 





~|Q 8 % 


t 


os 


v 





i} 
Q 


t 


36. The unknown number: x 


37. 


The difference 


the opposite 


between five times a of thites 


number and eighteen 





5x-18=-3 
Syal5 
‘ 3 
The number is 3. 


Strategy 
e Additional amount: x 
Principal Rate Interest 


Amount at 7% | 0.07(5000) 
Amount at 11% : 0.11x 


Amount at 9% 0. 0.09(5000 + x) 





¢ The sum of the interest earned by the two investments equals the interest earned on the total investment. 


Solution 
0.07(5000) + 0.11x = 0.09(5000 + x) 
350 +0.11x = 450+ 0.09x 
350 + 0.20x = 450 
0.02x = 100 
x = 5000 
$5000 more must be invested at 11%. 


38. 


39. 


Cumulative ‘Review Exercises 


Strategy . 
e Percent of silver in the alloy: x 


Amount Percent Quantity 


40% silver 0.40(60) 


Silver alloy 120x 





Mixture 0.60(180) 


* The sum of the quantities before mixing is equal to the quantity after mixing. 


Solution 
0.40(60) + 120x = 0.60180) 
24+120x =108 
120x = 84 


x =0.70 
The silver alloy is 70% silver. 


x=6 x=-5 3t = 24 
The solution —5 is not possible. 
2x -2 = 2(6)-2=12-2=10 
The height is 6 in. 
The base is 10 in. 


to fill the tank. 
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Strategy 40. Strategy 
Base of the triangle: 2x- 2 ¢ Unknown time for both pipes working 
Height of the triangle: x _ together: t 
The area of the triangle is 30 in?. Rate Time 
The equation of for the area of a triangle is 
=_$bh, First pipe 
‘Substitute in the equation and solve for x. “ 
Second pipe 
Solution 
= mK ; e The sum of the parts of the task completed by 
q each pipe must equal 1. 
OF a ape Solution 
30 =(x-1)x bie te 
30 =x? -x 12,248 
0=x?-x-30 24 +2) = 240) 
0=(x-6)(x +5) 12 24 
x-6=0 x+5=0 2t+t=24 


t=8. 
Working together, it would take both pipes 8 min 
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Section 10.1 


Concept Review 10.1 


1. 


Never true 
The square root of a negative number is not a real 
number. 


Always true 


Sometimes true 
The square root of a negative number is not a real 
number, so a and b cannot be negative numbers. 


Objective 1 Exercises 


3. 
5. 
7. 
9. 
11. 


13. 


15. 


17. 


19. 


21. 


23. 


25. 


27. 


“I 


29, 


ie = 24 =2? =4 
49 =V7? =7 


32 = 25 = 24-2 = 1242 =2?2 = 42 
V8 = 23 = 22-2 = 2? 2 =2V2 


6/18 = 62-32 = 6732/2 =6-3y2 =18y2 
5/40 =5 2-5 
= 522(2-5) 
= 522 2-5 
= 5-210 =10V10 
V15 = 43-5 =15 
{29 = {29 
-972 = -9)23 -3? 
= —91/2? .32.2 
= ~9,/2? 32/2 
=-9.2-3/2 
=-54/2 
45 = 32-5 = 13? 5 = 3/5 
V0 =0 
6/128 =6y27 
=6V2°-2 
= 62° /2 
= 6-232 = 482 


V105 = 3-5-7 = 105 


1900 = 22 -32.52 =2.3-5=30 


31. 


33. 


35. 


37. 


39. 


41. 


43. 


45. 


5/180 = 522 -32-5 


= 52? .37/5 
=5-2-3)5 =30V5 


250 =\2-53 
= 52(2-5) 
= 5? 2-5 
= 52-5 =5V10 
96 = 25.3 
= 24(2-3) 
= 1242-3 
= 2742-3 =4V/6 
(324 = 22-34 =2-37 =18 


1240 = 15.492 


288 ~ 16.971 
245 = 15.652 


352 = 18.762 


Objective 2 Exercises 


49. 


51. 


53. 


55. 


57. 


59. 


61. 


63. 


w 


WS =2 

Jy = Apt adits aoe 
ee = x2y2 

V4x4 =2?x* =2x? 


24x? = 23.3.2? 
= 27x? -(2-3) 
= 22x? 2-3 =2xV6 


=x fy 
= \a°b!° Jab 
=ab>Jab 


65. 


= 


6 


69. 


\o 


71. 


-_ 


13- 


7 


wm 


77. 


z 


\o 


° 


—_ 


83. 


85. 


V60x> =22-3-5x5 
= 2?x43-5x) 
= 22x49 4/3-5x = 2x2J15x 


V49a4b® =72a4b® = 7024 


isx5y’ = 2-32 x5y7 
= 43? x4y6(2xy) 
= [32 x4y6 [aay =3x2y? [Oxy 


40x!!y7 = [93 5xHly7 
= 12? x!y6(2.52y) 
- 92 x10, 6 2-5xy 
=2x>y3 f0xy 
180a°b!° = 24 54951 
= {24a®b!° (5a) 
= 24085! 5a 
=27a*b?/Sa = 4a*b> 5a 
2V16a7b? =2V24ab? 
= 224 a2b2(b) 
=224a2b? Jb 
= 2-27 abVb =8abVb 
xyx4y? = x-x*y = xy 
4\20a*b? = 427 -5a*b7 
= 442?a4b6(5b) 
= 4)22a4b® /5b 
=4-2a7b? V5b = 8a7b>/5b 
3x12x” 7 = 3x2? -3x7y7 
= 3x12? x?y6 (3y) 
= 3xa|2?x7y° a3y 
= 3x-2xy?/3y = 6x7y3.By 


2x? /8x? 3 =2x 
= 2x?4/2?x2y?2y) 


= 2x? 


= 2x? -2xy/2y = 4x3 y.[2y 
{25(a +4) = {sa +4)? =5(a+4) =5a+20 
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V4(x-+2)* = f22(x +2) 
=2(x+2)? 
=2(x? +4x +4) 
=2x7 +8x+8 


x 44x44 ay (x42)? 2x42 
yy? +2y4+1 =y(y+1)? =ytl 


Applying Concepts 10.1 


93. /0.0025a3b5 = (0.05)2a2b4(ab) 
= 0.05ab? Jab 


Vx? y? + xy? =x7y?(y +x) = ayy +x 


97._a. -f(x)= 2x1 
f() =/20)-1 
f()=V2-1 
f= 
f()=1 


b. f(x)=V2x-1 
f(5) = f2(5)-1 
£(5)=V10-1 
£(5)= V9 
¥S)=3 


ce. f(x)=V2x-1 
(14) = f2(14)-1 
£04) = 28-1 
£04) =/27 
f(14) = 33 
f(14) = 32.3 
F014) = 323 
f(14) =3y3 

99. Strategy 


Area of square: 76 cm? 

Use the equation for the area of a square, 
substituting s for the lenges of the side of the 
square. 


Solution 
16=s" 
N16 =s 


8.7=s 
The length of the side of the square is 
approximately 8.7 cm. 


101. 4x20 
x20 


103. x+520 
x2-5 
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105. 5-2x20 
—2x2=-5 


Poe 
2 


107. x2+12>0 
All real numbers 
Section 10.2 


Concept Review 10.2 


1. Never true 


The radicands are not the same. 5/2 + 63 
cannot be simplified. 


3. Always true 
5. Always true 


’ Objective 1 Exercises 
Leyes 32 
3. -3V7 +2V7 =-V7 
5. -3V11-8V11 =-11V11 
7. 2x +8Vx =10Vx 
9. 8/y +10Jy =-2/y 
11. -2¥3b -9V3b =-11V/3b~ 
13. 3x2 -—xJ2 =2x/2 
15. 2a¥3a -5a3a =-3aV3a 
17. 3,/xy -8)xy =-5./xy 
19. 45 +125 = 132-5 4/5? 
= 3? {5 +/5? 5 


= 3V5 + 55 
= 8/5 


21. 22 +3V8 = 22 +3y2 
— =2y2+3y2? V2 
= 2/2 +3-2V2 
= 212 +62 =8/2 


23. 518 -2V75 = 5V2-32 -2y3-52 
| = 53? 2-215? 3 
= 5-32 -2-53 
= 152 -10V3 


25. 


27. 


29. 


31. 


33. 


35. 


37. 


39. 


41. 


43. 


Sax -3y9x = 5 22x —3y32x 
= 512? Vx -3V3? Vx 
=5-2 x -3-3Vx 
=10Vx -9Vx =Vx 


3V3x2 —5y27x2 =3¥3x2 —5V3? x2 


=3Vx? 3 -5y3?x? /3 


= 3x3 on. 5: 3x3 
= 3x73 -15xV3 
=-12x/3 
2x) xy? —3yy)x?y = aay? Vx -3yV x? Jy 
= 2xyvx - 3xy,/y 


3xJ 12x -5V27x? = 3x22 -3x - 539 x? 
= 3x2? \3x -5V32x? 3x 
= 3x- 23x —5-3xV3x 
= 6xV3x -15xV3x =-9xV3x 


Ay,/8y? —7J18y> - 


= 4y,[23 3 - 742-325 


ay [22y? fay -7 [3254 Jay 


= 4y-2y,/2y -7-3y? [2y 
= 8y?,/2y -21y?/2y 


=-13y?./2y 

b> fa5b +32? Vab> 
bina ab + act ee ae. 
=a7b? Jab + 3a2b?- Jab 
=4a*b?Jab 


4/2 - 5/2 +82 =7V2 

5x -8Vx + 9Vx = 6Vx 

8V2 -3/y -8V2 =-3J/y 

8V8 - 4/32 -9./50 
=8y23 - 4125 - 92-5? 

= 82? 2 - 424 2-915? 2 
= 8-22 - 4-272 -9.5y/2 


=16¥2 -16J2 - 45/2 
= -45,/2 


45. 


47. 


49. 


51. 


§3. 


55. 


57. 


23 + 5/27 - 4/45 59 
=-2y3 +533 -4y/3?-5 


- 23 +53? 13 - 43? V5 
-2V3 +5-3¥3 -4-3V5 


" 
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: 3a 2ab? —Va2b? + 4bV3a2b 


=3ayVb? (2a -la2b? +4bV a? 3b 


= 3ab/2a — ab + 4abV3b 


= ~2,/3 +1543 -12V5 Applying Concepts 10.2 
=13y3-12y5 61. 5Vx+2+3Vx+2 =8yx+2 


4/75 +348 -/99 


63. 
= 43-5? +3) 24.3 -3?-11 


= 45? 3 +3V2* 3-13? iT 
= 4-513 +3-273 -3yI1 

= 20/3 +12V3 -3V11 

= 32V3 -3Vl1 


25x —-J9x +V16x 
= 57x ~9f32x +f24x 


Bs PE s 
= 5yx -3yx +2? Vx 

= 5¥x —3vx +4yx 

= 6Vx 


33x +-\27x -8V 75x 

= 33x +¥3°x -8y3-52x 

= 33x +13 3x -8V5? /3x 
= 33x +3¥3x -8-5V3x 


= 33x +3y3x —40V3x = -34V3x 67. 


2aV75b - aV20b + 4aV45b 

= 2aV3-52b —ay2?- 5b + 4aV32-5b 
= 2aV5? (3b - a2? \5b + 4aV3? \5b 
= 2a-5V3b -2aV5b + 4a-3V5b 


= 10aV3b -2aV5b +12a/5b oa 169: 
= 10a-/3b +10a-/5b 


x 3y? —2yV12x? +xyv3 


=x By? —2yy2? 3x? +xyv3 

= xy? (3 -2yV2?.x? V3 + ayy 
= xyV3 - 2y-2xV3 + xyvV3 

= xyV3 — 4x3 + xyv3 

= -2xyV3 


3yab? +4aVa2b -SbV4ab 

=3Vab? +4aVa2b - 5bV27.ab 

= 3b? Jab + 4aVa? Jb - 5bV2? Jab 
= 3bVab + 4a-aVb -5b-2Vab 

= 3b Jab + 4a?/b -10bVab 
=—-7bVab + 4a? Vb 


; 8x2y + V18xy 

=5 2x9 +5 y2-3%a?y 

=> 22x? fay += 32x? ay. 
: + (2ayf2y +3 Gn,2y 

= x4/2y +x./2y 

= 2x2 

<54ab? +2960 

= 212.3% ab* + 
= 234? 2-3ab + 22h? \2-3ab 
= <b W6ab +2 dan lbab 


= ab6ab + abV6ab 
= 2ab-/6ab 


2,/8x + 4y —5,/18x + 9y 
= 2,/4(2x + y) — 5./9(2x + y) 
=2-2J2x+y-5-3)2x+y 
=4,/2x+y-15,J2x+y 


=-11/2x+y 


2° .3a3b 


Strategy 
Length of first side: 4/3 cm 
Length of second side: 23 cm 


Length of third side: 215 cm 
Use the equation for the perimeter of a triangle. 


Solution 

P=atbt+c 

P=4y3 +23 +2y15 
P=6)3 +2V15 


The perimeter is (6/3 + 2V15 ) cm. 
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71. Strategy 
Length: 4/5 cm 
Width: V5 cm 
Use the equation for the perimeter of a rectangle. 
Solution 
P=2L+2W 
P=2(4V5) +25) 
P=8)5+2V5 
P=10)5 


P=22.4 
The perimeter is about 22.4 cm. 


Section 10.3 

Concept Review 10.3 
1. Always true 
3. Always true 


5. Sometimes true’ 
A radical expression in simplest form does not 
have a fraction under the radical sign and does not 
have a radical in the denominator of a fraction. 


Objective 1 Exercises 


1. 5-V5 = 5? =5 
3. 3-12 = 36 =22 -32 =2-3=6 
5. Vx-vx =x? =x 
7. is [Sy cS [84 = x3y? 
9. 3a2b° -V6ab? = V1803p!2 
a 42-32q3p!2 
cS [32 924)? 2a 
=3ab°./2a 
11. ¥6a3p? ./24a5b = 1440p? 
= 24 .32a8p3 
= 24 .32a8p? Jb 
=2?.3atbJb 
=12a*bJb 


13. /2(V2-¥3)= 2? - 6 =2-W6 
Vx(Vx -\y) =x? - oy = x- fay 


15. 


wn 


17. 45(10 Vz) = 150 ~ V5 
= 12-5? 5x 
= 13? i - Ve 


= 512 -V5x 


19. 


21. 


23. 


25. 


27. 


29. 


31. 


(ve -3)' = Vx? -2-3Vx +3? =x-6Vx +9 


<f3a( [3a - 36) = 13a? ~ 132 ab 
= 32a? - 13? Jab 
=3a—3Vab 
2ac --\Sab -V10cb = \100a2b2c? 
= 27 -52q2b2? 


=2-Sabcd 
=10abc 


(3Vx - 2y\( Sx -4y) 
211 5Va2.—\2yle 10d ee By 


= 15x —22yVx +8y” 


(Ve — Jo) ve + yo) =Vx? - fy? =2-y 


(2Vx +Jy\(Svx +49) 
=10Vx? +8yxy +5yfxy + 4y]y? 
= 10x +13,/xy +4y 


Objective 2 Exercises 


35: 


37. 


39. 


41. 


43. 


45. 


47. 


2 = [2 = 6 = 2% 22? =4 
8 = [PS = a8 =? 7 
ie = 78 «5 = fF 23 


3xy 


¥2a°b4 Wank Slat _ va‘ a? 
\49 





98ab4 V2 7 
fe PE benge Ee 
3 43 3 Tals? @s8/ 


SO 
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61. By _ 3x) 
27x35? 27x y? 
pit 
9x7y 
1 1 Ww _wW 


” 3x y 3xJy Wy 39 


cx, Veaty | [aay ee 
xy 3xy? 3y? [y? 
7 V2?x V2? ve We 


~ wW3 V3 yz? 3y 














65 Sad 
42-3 2-3 12+3 
_ 4243 
~ 2-9 
_¥2+3_ 4243 
eae ed 
67, ie S55, 
5415 545 5-15 
5-75) 
5 2525 
_15-3V5 
“AT 50 


«8. ef 


eee ee 


ey Ve =y Vey 
_ ey +n? 


x=y 
Ep Pe _ ate 








x-y x-y 
2 2 
MN. OV os | x 
75xy" 75xy 
ly 





73, 2 v2_ 2+ 











o-1 
=~(2+6) =-2-6 
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Fe ee ea 2 +05 
© 2-15 2-15 J2 +45 
_ V0 +25 
2-5 
_Vi0+5_ Vi0+5 
i an 
7. ee aN =A 
Vx+3 V¥x+3 Vx-3 
_ vx? -3Vx 
x? -9 
_ x-3Vx 
~ x-9 
qo, 583-3 _-2N3 1 
44s TAB ty2E 
81 MB? si _W2 
RGA apres ye 
= 54-3 
=5-2-3=10-3=7 
32 -8V2 _-5y2 __ 
83. ae a 5 


2V8 +3V2 _ 2V8 | 3v2 


8. —— 


et 


=) +3 
32 32 
= fi Ms 
4 \16 
avi 3v1 


= + 

V4 16 
= 2 eee eee Oy eee 
[p24 2 2? 4 4 





_ 24-263 +18 
~ 16-27 

_ 42-26V3 
ld 

__ 42-26y3 


. 11 


a 


_ 30-918 +12 
75-24 
_ 42-918 


51 
_ 42-27N2 
ox” Bf 

_ 314-942) 


51 
14-92 
17 


Ja-4  Ja-4 wWa-2 


_ 2a-10Va +8 

b= ae 

_ 2(a-SVa +4) _a-SVa+4 
— 2Qa-2) 2-2 


_ 2yy +6+y+3yy 
y-9 


a y+5aly +6 
ier oud 


Applying Concepts 10.3 
95. -1.3-V1.3 = —.3)? =-13 


101. a. True 


b. True 
c. False; — 


(Ve +1) =(Ve+i)Vx+1)=2+2Ve +1 


d. True 


103. yx -Jx+9=1 
16-16+9 |1 
16 - 25 |1 
4-5]}1 
-141 

No, 16 is not a solution of the equation. 


Section 10.4 
Concept Review 10.4 


1. Sometimes true 
A radical equation must have a variable under a 
radical sign. 


3. Always true 


5. Sometimes true 


Squaring both sides of an equation may introduce 


a solution that is not a solution of the original 
equation. 


Objective 1 Exercises 


1. a. 8=5+<x is nota radical equation because 
there is no variable under the radical sign. 


b. Vx-7 =9 isa radical equation. 
c. Vx +4=6 isa radical equation. 


d. 12 =-/3x is nota radical equation because 
there is no variable under the radical sign. 


3. vx =5 Check: lx =5 
2 
(Vx) =(5)?- 254|5 
x=25 5? 5 
5=5 
The solution is 25. 
5. -~a=12 Check: 
2 
(Va) =«2)? 
a=144 





The solution is 144. 


7. 5x =5 Check: 5x =5 
De 

(Vsx) =(5)? ai 5 

5x =25 S* 15 

x=5 5=5 


The solution is 5. 


V4x =8 Check: Aaes 


9. 8 
D. 

(V4x) =() 8 

4x = 64 8 

x=16 8 

8 

8 





The solution is 16. 


11. 


13. 


15. 


17. 


19. 


21. 
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2x -4=0 
2x =4 


(2x)? = (4)? 
2x =16 
x=8 





The solution is 8. 


V4x+5=2 Check: 4x +5=2 

4x =-3 . 

(V4x)* = (-3)? 
4x=9 


x= 


#]o 





The equation has no solution. 


ax22 ado Checks ipeo = 
(3x2)? =(4)? 
3x-2=16 
3x =18 
x=6 





The solution is 6. 


V2x + = 7/ Check: 2x+1= 
(2x +1)? =(7)? 
2x+1=49 
2x = 48 
x= 24 





The solution is 24. » 


0=2-~3-x Check: 
\3-x =2 
(W3-x)? =(2)" 
3-x=4 
-x=1 
x=-l 





The solution is —1. 


V5x+2 =0 Check: V5x+2 = 
(/5x+2)? =(0)" 
§x+2=0 
5x=-2 


eaees | 





The solution is -2. 
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23, \3x-6=-4 — Check: 
3x =2 
(V3x)? =(2)? 
3x=4 
4 
3 


x= 


The solution is =. 


25. O=~1V3x-9-6 Check: 
6 =+3x-9 
6? =(\3x-9)" 
36 =3x-9 
 45=3x 
15=x 





0 
0 
0 
0 
0 
0 
0 
0 


The solution is 15. 


Ze V5x-1=73x+9 Check: §x-1=~73x+9 


(5x1)? =(¥3x+9)" 5-5-1 | ¥3-5+9 
5x-1=3x+9 25-1 | J15+9 
2x-1=9 24 =24 

2x =10 
hey 


The solution is 5. 


29. V5x-3 =V4x-2 Check: §x-3 = V4x-2 


(o/5x—3)* =(f4x-2)? 5-1-3 | ¥4-1-2 
5x-3=4x-2 5-3 | v4-2 
x-3=-2 V2 =2 
x=1 


The solution is 1. 


31. Vx? —5x+6 =x? -8x+9 Check: fy? 5446 = yx? -8x+9 
(\x?2 — 5x46)? = (Vx? -8x 49) 17 -5-14+6 | ¥12-8-1+9 


x* —5x+6=x7 -8x+9 v1-5+6 | v1-8+9 
~5x+6=-8x+9 42 =2 
3x+6=9 
3x =3 


x=1. 
The solution is 1. 


33. Vx =Vx+3-1 Check: Vx =Jx+3-1 
x +1=\x4+3 v1 | V1 
(Vx +1)? = (Vx+3)? vi | V4-1 
xt+2vx +1=x+3 rae 
Wx =2 
(2Vx)? =2? 
4x=4 


x=1 
The solution is 1. _ 


35. V2x+5 =5-J2x 
(W2x+5)* = (52x)? 
2x+5=25-10V2x +2x 
-20 = -10V2x 
2= 2x 
2? = (/2x)? 
4=2x 
ae 
The solution is 2. 


37. 3x -V3x+7 =1 
3x47 =1-43x 
(-¥3x+7)? = -3x)? 

3x+7=1-2)3x +3x 
6 =-2V3x 
-3= 3x 

(-3)? =(¥3x)? 
9 =3x 


3=x 
The equation has no solution. 


Check: 





Check: 





Objective 2 Exercises 45. 


39. Strategy 
The unknown number: x 
The square root of the product of four and the 


number: V4x 


Solution 
V4x+5=7 
4x =2 
(4x)? =2? 
4x=4 
el 47. 
The number is 1. 


41. Strategy 
The unknown number: x 


The square root of the sum of the number and 
five: ¥x+5 
Solution ' 
\x+5+2=6 
\x+5=4 
@/x+5)? =4? 
x+5=16 


et 
The number is 11. 
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Strategy 
To find the length of the hypotenuse, solve the 
Pythagorean Theorem for the hypotenuse. 


Solution 

c =a? +b? 
c= 15? +9? 
c=25+81 
c=+106 


c=10.30 é 
The length of the hypotenuse is 10.30 cm. 


‘ Strategy 


To find the length of the other leg, solve the 
Pythagorean Theorem for the leg. 


- Solution 


a=Vc a 
a=12? -7? 
a=~144-49 
a=7V95 


a=9.75 
The length of the other leg is 9.75 ft. 
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49. 


51. 


53. 


55. 
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Strategy 
To find the length of the diagonal, solve the . 
Pythagorean Theorem for the hypotenuse. 


Solution 

C= Va? +b? 

c= 52 4112 

c=254121 
= 146 


c=12.1 
The length of the diagonal is 12.1 mi. 


‘Strategy 


Solve the given formula for H, using C = 20. 


Solution 
C=32H 
20 = 32H 
20? = (32H)? 


400 = 32H 
400 _ 32H 


12.5=H 
The depth of the water is 12.5 ft. 


Strategy 
To find the length of the diagonal between home 
plate and second base, use the equation 


c=ya*+b? and compare ze with 46. 


Solution 

c= 160? +602 

c = 43600 + 3600 
c=+17200 

c= 84.85 

se = 42.43 < 46 


The pitcher’s mound is more than halfway from 
home plate to second base. 


Strategy 
To find the height above the water, replace d in 
the equation with the given value and solve for h. 


Solution 
V1.5h =d 
V1.5h =4 

(V1.5h)? = 4? 


1.5h=16 


The height of the periscope must be 10.67 ft 
above the water. 


Strategy 
Solve the Pythagorean Theorem for the 
hypotenuse. Compare this value to 25. 


Solution 
c=Va? +b? 
c= V6" +24? 
c= 736 +576 
c=7612 


c= 24.7 
A 25-foot ladder will be long enough. 


. Strategy 


To find the length of the pendulum, replace T in 
the equation with the given value and solve for L. 


Solution 
T=2n ZL 
‘ \ 32 
3=20 Lf 
\ 32 








3. f[- 
2n 32 
eee ' 
2n 32 
oe 
(2n)* 32 
329) _y 

4n 


7.30=L 
The length of the pendulum is 7.30 ft. 


- Strategy 


To find the distance, use the equation 
a= c? —b?, where c= 650 and b = 600. 
Solution 

a = 650? - 6007 

a = {422,500 — 360,000 

a= (62,500 


a=250 
The distance is 250 ft. 
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63. Strategy : ‘ 
To find the length of the bridge, replace T in the equation with the given value and solve for d. 
Solution 


64=d 
The height of the bridge is 64 ft. 


65. Strategy 
To find the height of the screen, use the equation a = Vc? —b2, where c= 36 and b = 28.8. 


Solution 
gf | ce —p2 


a= {362 — (28.8)? 
a= 4/1296 — 829.44 


a= 466.56 
a=21.6 
The height of the screen is 21.6 in. 


Applying Concepts 10.4 


67. 











The solution is 5. 











69, V9x? +49 +1=3x4+2 Check: 9x2 +49 +1=3x+2 
9x? +49 =3x+1 98)? +49 +1 | 3(8)+2 
[ Dove 2 -(9(64) + 49 +1 24+2 
is Teak ; /576+49 +1 | 26 
Yaris ont {625 +1 | 26 
an. 25+1 | 26 
One 26 = 26 


The solution is 8. 
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71. Strategy 


73. 


Hypotenuse: 5/2 cm 


Leg: 4V2 cm 

Solve the Pythagorean Theorem to find the length 
of the other leg. Then use the equation for the 
perimeter of a triangle and the equation for the 
area of a triangle to find the perimeter and area. 


Solution 
a= Nc? -b 


a= (6V2)? -(4V2) 
a=~750-32 F 
a=vl18s& 


a=3/2 


a. P=at+bt+c 


P=3)2 +4V2 +52 
P=12V2 | 
The perimeter is 122 cm. 
b. A= gh 
72 
= sab for the right triangle 
1 
= 5 GV2)4V2) 


A=12 
The area is 12 cm?. 


$= F(atb+e)=2 (28431437) = 2 (96) = 48 


ys (s—a)(s— b)(s—c) 
' \ Ss 
ef [as — 28)(48 —31)(48 — 37) im (20)(17)(11) 
48 48 


= fe = 77.917 ~8.827 


Area of fountain mr? = 1(8.827)? = 244.78 
The area of the fountain is approximately 


244.78 ft?. 


Focus on Problem Solving 


4. Because 2 ¢s5= 5esand5es=2As, 


2£s=2Asandsot=A. 
Therefore, t¢$4+ = AAAAA 


Because 6 Ls = 4 Os and 4 Os = 2 is, 
6 Os =2 is. 

3 Os is half 6 Os. 

Therefore 000 =f. 


Because 4 Xs = 3 Qs and 3 Qs =2 As, 
4 Hs=2 As. 

4As is twice 2 As. 

Therefore, AAAA = axRnonONK, 


. Because 5 ¥s = 2 §s and 2 §s =3 As, 


5¥s=3 As. 


AAAANRA 


. Anna’s favorite sport is golf, Kay’s favorite sport 


is sailing, Megan’s favorite sport is tennis, and 
Nicole’s favorite sport is horseback riding. 


. Chang took the subway, Nick took a taxi, Pablo 


took a car, and Saul took the bus. 


Projects and Group Activities 


Mean and Standard Deviation 


[ee ee 


¥  (x-3) (x- x)? 
96 (96-96) 07 =0 
105 (105-96) 9* =81 
94 (84-96) (-12)? =144 
90 (90-96) (-6)* =36 
102 (102-96) 6 = 36 
99 (99-96) 37 =9 


Total = 306 
306 _ 5} 
6 
ao =751 =7.141 


The standard deviation in the weights of the 
newborn infants is 7.141 oz. 


234 + 321+222+246+312+396 1731 
6 6 


x= 
= 288.5 
X. («-%) (x- x)? 
234 (234-288.5) (-54.5)? = 2970.25 
321 (321-288.5) (32.5)? = 1056.25 
222 (222-288.5) (-66.5)? = 4422.25 
246 (246-288.5) (—42.5)* = 1806.25 
312 (312-2885) (23.5)? = 552.25 
396 (396-288.5) (107.5)? = 11,556.25 


Total = 22,363.5 
wee = 3727.25 


o = ¥3727.25 = 61.051 


The standard deviation of the number of rooms 
rented is 61.051. 


2 


Projects and Group Activities 


z= 56+63+49+50+484+53+452 371 _ 
4 z 
®. <=) (x- x)? 
56 (56-53) 37=9 
63 (63-53) 107=100 
49 (49-53) (-4)? =16 
50 (50-53) (-3)?=9 
48 (48-53) (-5)?=25 
53 (53-53) 07= 
52. (52-53) (-1)?= 
Total = 160 


= 22.857 


o = (22.857 = 4.781 - 


The standard deviation of the number of heads is 4.781. 


160 
"7. 


z= 25+98+98-+104 +97 +100+96+97+108+93+104 _ 1090 _ 99 ag 
: 11 ey 


i, “Gx (x- x)? 


95 
98 
98 
104 
97 
100 
96 
97 
108 
93 
104 


202.9091 
1 


(95 — 99.09) 
(98 — 99.09) 
(98 — 99.09) 
(104 — 99.09) 
(97 — 99.09) 
(100 — 99.09) 
(96 — 99.09) 
(97— 99.09) 
(108 — 99.09) 
(93 — 99.09) 
(104 — 99.09) 


= 18.446 


(-4.09)? = 16.7281 
(-1.09)? = 1.1881 
(-1.09)? = 1.1881 
(4.91)? = 24.1081 
(-2.09) = 4.3681 
(0.91)? = 0.8281 
(-3.09)? = 9.5481 
(-2.09)" = 43681 
(8.91)? = 79.3881 
(-6.09)? = 37.0881 
(4.91)? = 24.1081 
Total = 202.9091 


o = 18.446 = 4.295 


21 


70.1819 
11 


o= 6380 = 2.526 


The desert had the greater standard deviation of temperature. 


(x - x) 
(27 — 26.73) 
(28 - 26.73) 
- (28- 26.73) 
(30 — 26.73) 
(28— 26.73) 
(27 26.73) 
(30 — 26.73) 
(25 - 26.73) 
(25 - 26.73) 
(26 — 26.73) 
(21- 26.73) 


= 6.380 


(x-x)? 
(0.27)? = 0.0729 
(1.27)? = 1.6129 
(1.27)? = 1.6129 
(3.27)? = 10.6929 

1.27)? = 1.6129 
ae = 0.0729 
(3.27)? = 10.6929 
-1.73)? = 2.9929 

es = 7.4529 

(-0.73)? = 0.5329 

(-5.73)* = 32.8329 
Total = 70.1819 
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— 56+68+60+72+64 320 


SS e ¥ = ——_—_—_———_——__ = — =88 
sees 5 5 64 de ak a 4 
¥  (x-z) (x-x)* ¥  (x-x) (x- x)? 
56 (56-64) (-8)* =64 85 (85-88) (-3)?=9 
68 (68-64) . 427=16 92 (92-88)  47=16 
60 (60-64) (-4)* =16 86 (86-88) (-2)?=4 
72 (72-64) 8? =64 9 (89-88) 1’ =1 
64 (64-64) 0*=0 Total = 30 
Total = 160 2 =75 
160 
ager o = 7.5 =2.739 | 
peo 2 5! | = - 90+97+914+94 _ 372 _g, 
— 1064+118+110+122+114 570 114 4 4 , 
Se a a a Ta a xX . (x-X) (x- =) 
<eeiG oD G@- 3)? 90 (90-93) (-3)?=9 
f a 
106 (106-114) (-8)? = 64 97 (97-93) (3 = 16 
118 (118-114) 47=16 . 91 (91-93) aes 
110 (110-114) (-4)* =16 94 (94-93) 1°=1 
122 (122-114) 8*=64 B Total = 30 
114 (114-114) 07=0 275 
ee aon o = 75 =2.739 
160 _ 32 The mean of the students’ test scores are not the 
5 same. The standard deviation of the students’ test 
o = ¥32 =5.657 scores are the same. 
The standard deviation of the scores were the : 
same. 8. Answers will vary. 
210+ 245 +220+230+225 _ 1130 _ 9. Aeris speete es 
= = = 226 
5 5 i total time 
° - mes Distance = 40 + 50 = 90 
x (x- x) ve Time = 1+1=2 
210 . (210-226) (-—16)* = 256 90 
245 (245-226) 19 = 361 Average speed = — ape 
220 (220-226) (-6)? =36 Yes, the average speed is 45 mph. 
ore 
230 (230 — 226) S =16 10. A $500 raise for each employee would raise the 
225 (225-226) (-lI)°=1 average salary for all employees by $500. 
Total = 670 A 4% raise-would give the higher-salaried 
670 . 134 employees a larger raise. The lower-paid 
ace employees would receive less than the average 
o = 134 =11.576 raise, and the higher-salaried employees more 
The standard deviation of the weights is 11.576. than the average raise. With the 4% raise the 


standard deviation of salaries would increase, 
because the difference in salaries would increase. 


Distance to the Horizon 





2 
1. The value of / is small enough that ( & } is 
5280 
extremely small. The value is insignificant to the 
calculation of d. 
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h 3 Chapter Review Exercises 
2. D=-1.5h +0306184 —— 
al 1. 53 -16V3 =-11y3 
3 . 
D= 1500) +os0s104 22) pot nO eee RES 
TOS ae eerean 
D= ¥15 +.0.306186(0.0000824231) 2x3 +2x/5 
D=3.873 Se 
The distance D is approximately 3.873 mi. 3-5 
_ 2x3 + 2x5 
Expressway On-Ramp Curves i 2 
1. =-x3 - x5 
3. Vx? +16x+64 = y(x+8)? =2+8 
4. 3-V7x =5 Check: 
—V7x =2 
(—V7x)? =2? 
The Xjpin ANd Xa, Values represent the — Ix=4 
minimum and maximum radius of an unbanked = 
curve. The Yin and Yna, values represent the Ss 
minimum and maximum speed of a car. The equation has no solution. 
2. As the radius increases, the maximum safe speed Ries 3 
increases. 5. Sy -2y. = By =1 
. 3Vy 3Vy 
3. The maximum safe speed when the radius is my 
100 ft is 16 mph. 6. 6V¥7 +7 =7N7 
4. Accurve for which the maximum safe speed is 
40 mph must have a radius of 640 ft. 7. (6Va + 5vb)(2Va + 3b) 
ee earner =12a+18Vab +10fab +15b 
eee =12a + 28Vab +15b 
v= 72.5r 
145.827 = /2.5r 8. f49(x +3)4 = \7(~+3)4 
(145.827)? =(V2.5r)* =1(x+3) 
21,265.5 = 2.5r a2) 
8506.2 =r iS +6x+9) 
The radius must be more than 1 mi. = 7x* +42x+63 


9. 236 =2V22-37 =2-2-3=12 


10. Vb=4 Check: Vb =4 
(vb)? = 4? 16 4 
b=16 7 4=4 


The solution is 16. 
11. 9x5. -SxJ5 = 4x5 
12. (VSab —V7)(/Sab +V7) = (V5ab)* -(V7)2 


=Sab-7 


13. N2x+9 =/8x-9 Check: /2x+9 =/8x-9 


(J2x+9)? =(J8x-9)? 2(3)+9 | /8(3)-9 
2x+9=8x-9 16+9 24-9 
-6x4+9=-9 s 
-6x =-18 V15 = v5 
C5. 


The solution is 3. 
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14. 


15. 


16. 


17. 


18. 


19, 


20. 


26. 


27. 


28. 


29. 


Chapter 10: Radical Expressions 














135 =¥5-7 = 35 Pope, ae ee a 
 ix-3) Vx-3 Vx4+3 0 -x-9 
5 
2x60x>y? y” +3x 2y/15xy 
5. ares 22. V6a(\3a +\2a) = 18a? +120” 
=2xJ2°x“y 1 5xy +3x 2y/15xy <5 =F 
= 2x-2xy,/15xy +3x7ya/l Sxy =2-37a* +3-27a 
=4x7y,/15xy +3x7ya/1 5xy = 32a? /2 +220? V3 
= 1x*y,fi5xy =3ay/2 + 2ay3 
po peere 23. 3V18a5b =3V2-37a% =313"a* -2ab 
xy \9y* Oa b =3-3a?-/2ab 
=9a?./2ab 
x2 s 
329" 24, -3¥120 =-3y23.3-5 =-32? /2-3-5 
=, = -3-2430 =-6/30 
3y 
GEAR? 26 ie ante “Or 25. +20a5b? -2ab?V/45a3b° 
x -y)” =(3Vx -Vy )(GVx -y 
= 2? -5a5b? — 2ab?3? -5a3b>. 


= 9x-3y[xy -3yxy + y 
=9x-6Jay ty = 2?a4b8 (Sab) - 2ab?[37.a2b4 (Sab) 
= ¥2?a4b® Sab - 2ab?3?a2b* Sab 


\(a+4)? =at4 — = 2a*b*./Sab — 2ab* -3ab*4/Sab 
= 2a*b* Sab -6a7b*JSab 
548 = 524-3 = 524 ¥3 =5-2?4/3 = 20y3 =—4a7b*\Sab 
3V12x +5V48x =3V2? -3x +524 -3x 
2? [3x +5V24 J3x 

=3-2y3x +5-27/3x 

= 6V3x + 20¥3x 

= 26)3x 


98x’ y? 98x y? 
a =49x4y8 = 7? x*y? =7x*y4 


2x3 y ae y 


V5x+1 =~ /20x-8 Check: V5x+1 = /20x-8 
(5x +1)? =(/20x—8)? 
5x+1=20x-8 

-15x+1=-8 
-15x=-9 
-9 
x=— 
-15 
3 


x== 


5 


The solution is = 





piss 8 


450 = 2-32.52 = 32.52 /2 =3-5y2 =15y2 


30. 


32. 


33. 


35. 


36. 


37. 


38. 


39. 


40. 
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6aV80b - 1180a2b +Savb 

= 6a 24 5b — 122.3? -5ab +5avb 
= 6ay24(5b) ~ [22 -37a?(5b) + 5avb 
= 6aV24 5b - 22 -3* a? 5b +5avb 
= 6a-27/5b -2-3aV5b +5avb 

= 24a/5b — 6ay'5b + Savb 





= 18aV5b +5aVb 
16 _16 Va _16Va 
Ja Va Va a 
6-/2y =2 Check: 6-./2y =2 
~/2y =-4 6-2-8 | 2 
ary 6-16 | 2 
6-4|2 
(/2y)? =4? 2=2 
2y=16 
y=6 


The solution is 8. 


la3ptcvalb2c? =Vap%c4 = a5b3c2 


7N630 =7V2-32 5-7 = 732 J2-5-7 
=7-3470 =21V70 
yy 24y® = yl23-3y® = yJ2?y6(2-3) 
= yy 2796 \2-3 = y-2y7V6 = 2y*V6 


4250 _ 250s oS 2 57 =5 

vio 10 ie 
Nx? +5xt4=¥x274+7x-6 Check: x2 45x44 =Vx2+7x-6 

(Vx? 45x44)? =x? +7x-6)" 57 +5-54+4 | ¥57+7-5-6 


x2 +5x44=x74+7x-6 V25+25+4 | ¥25+35-6 
5x+4=7x-6 54 = /54 
-2x+4=-6 
-2x =-10 
x=5 


The solution is 5. 


(4,/y --¥5)(2Jy +35) 
=8y+12/5y -2,/5y -3-5 


=8y+10/5y -15 


{9900 = 22.32.52 411 
= 2-3-5011 


= 30/11 = 99.499 


N7-V7 =V7* =7 
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41. 


42. 


43. 


45. 


46. 


47. 


4 


oo 
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5xV150x7 = 5xy2-3-52x! = 5xy5*x9(2-3x) 
= 5x52x° J2-3x = 5x-5x3JOx 


= 25x*J6x 
2x?J18x?y9 + 6y2x° : -9xy* 8x4y 
= 2x?2-37x7y> +6y. 2x%y3 ~9xy? 23x4y 
= 2x7[3?x?y4(2y) + 6yyx°y?(2y) - 92y72?x42y) 
= 2x*4/3?x?y4 a2y ct 6yy)xSy? By ~9xy22? x4 [2y 
=2x? -3xy?/2y + 6y - x? yal2y —9xy* -2x*,[2y 
= 6x? y*J2y + 6x>y?,/2y - 18x3y?/2y 


= 6x7 y?,/2y 

V 54a° 54a> | 2 Am 

——_> = _ | —_——_ = 9 = 3 = 3a 
v6a 6a 4 : 


4250 = 412-5? = 4/52(2-5) 
= 45? 2-5 = 4-510 = 20V10 


5x =10 Check: -+/5x =10 
(5x)? =102 5-20 | 10 
5x =100 100 | 10 


~—20 10=10 
The solution is 20. . 


3ay3 +2120? 5 3aV3 +2) 2? -3a? 
a ok ae 


r 3aV3 +2-2aV3 . 3a/3 +4a/3 


432.3 33 
_ Jan3 _ Ta 
ease 3 


2 -{50 =-/100 = 102 =10 
6x4y5 = [o2 32x48 cS [o2 .32x4y4(y) 
e [2.32 x4y4 fy =2-3x2y2 fy = 6x2y2 Jy 


4y/243x!7y? = 4y|3°x!759 = Ayq{34 x!6y8 -3xy 
Edy [34 16,8 Bxy = 4y-32x8y4 = 36x8y5 Bxy 





50. 


51. 


52. 


53. 


54, 


55. 
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Vx+1-Vx-2 =1 
Vxt+1=1+V¥x-2 


(Vx+1)? =(+¥x-2)" 
x+1l=1+2Vx-24+x-2 
xt+1=-l+x+2Vx-2 

2=2yx-2 
1=Vx-2 
(1)? =(vx-2)? 
l=x-2 
3=x 
The solution is 3. 








(400 = 124 5? =22-5=20 
48x +7 18x -3V50x =—4V 23x +72-32x -3V2-5?x 
= ~4,)2? 2x +713? 2x - 3/5? J2x 
=-4.22x +7-3V2x -3-5y2x 
= 82x +21V2x -3-5J2x 
=-2/2x 
0=/10x+4-8 Check: 0=/ e 56. Strategy 
8 = ae ae . ; naa = To find the explorer’s weight, substitute 36 for 
92 rz ( anea: 0 J60+4 -8 W,, and 8000 d in the given equation and solve for 
=(V10x+ 
64=10x+4 0 | V64 -8 Wyo = 
60 = 10x 4 py a Solution 
6=x - : 
The solution is 6. d=4000 = 
a 
36/12 - V3) = 36 -9 = 
A V2.3? - 32 8000 = 4000, /— 
=y2>-3 3 36 
=2-3-3 i, Wo 
Rox) ~ ¥36 
=3 a 2 
Strategy oe -( oe 
First integer: x 
Second consecutive odd integer: x + 2 4-0 
The square root of the sum of two consecutive. : 36 
odd integers: ¥x+x+2 36-4= 50.36 
Solution 144=W 
Vx+x+2 =10 oe weighs 144 Ib on the surface of the 
2x+2 =10 
- (f2x+2)? =107 
2x+2=100 
2x=98 
x=49 
x+2=49+2=51 


The larger integer is 51. 
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57. 


58. 


59. 


60. 
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Strategy 
To find the length of the other leg, solve the 
Pythagorean Theorem for the unknown leg. 


Solution 

a=\c? -b? 

a= 418? -11? 

a= 324-121 

a=~1203 

a= 14,25 

The length of the other leg is 14.25 cm. 


Strategy 
To find the radius, substitute 20 for V in the given 
equation and solve for r. 


Solution 
v=4yr 
20=4r 
5=r 
(5)? =(vr)? 


25=9 
The radius of the corner is 25 ft. 


Strategy 
To find the depth of the water, substitute 30 for V 
in the given equation and solve for d: 


Solution 
=3Vd 

30 = 3d 

10= Jd 
(10)? = (a)? 

100=d 

The depth of the water is 100 ft. 
Strategy 
To find the length of the guy wire, solve the 


Pythagorean Theorem for the unknown of a 
triangle. 


Solution 

C= Na? +b? 
c= 25? +8? 
c=625+64 
c=~7689 


c = 26.25 
The length of the guy wire is 26.25 ft. 


Chapter Test 


1. 


2. 


Ji2ix8y? = 112x8y2 =11x4y 


58 - 350 = 5¥23 -32-52 
=5V22 2-35? -2 
= 5-22 -3-5/2 
=10V2 - 152 
=-5/2 


YS 


9. 


10. 


11. 


12. 


13. 


1 


~ 


3x2yVox? Vax = (36x>y = 2? 37 x5y 
= 2?.32x4 fay r 
=2-3x7 [xy 
= 6x7.|xy 

45 = 13? -5 = 13? 5 =3V5 


2x7 y2 5 [23 32x72 o [22.32 x62 2x 
=2-3x3 yJ/2x = 6x yJ2x 

3,/8y -2V 72x +5V18x 

= 323 y - 223 32x +5y2-3?x 

= 32? oy - 242? 3? 2x +513? -V2x 

= 3-2)2y —2-2-3V2x +5-3V2x 

= 6,/2y -12V2x +15y2x 

= 6./2y +3V2x 


(Jy +3Xaly +5) = y? +5yfy +3 y +15 
= y+8Jy +15 


Amoalds Ly As ne 


WB 2. Wr Vz 


oa = = =/81 = 34 =3? =9 


V5x-6 =7 
(J5x-6)? =77 
5x-6=49 
x=) 
x=11 

The solution is 11. 


Check: 





500 = 22.361 


I39q5p' = [95 Q5p11 
= q{24a4b!(2ab) 
= 2404p! \2ab 
= 2*q*b>./2ab 
= 4a*b>/2ab 


Vata -\b) =a? - Jab = a-Jab 


8x3yJ10xy4 = \s0x4y’ = 24 -5x4y9 
os [243454 sy = 2? x2y2 [Sy 
= 4x7 y? [Sy 


15 


16. 


17. 


18. 


19. 


20. 


27. 


28. 


lo8ap4 6 
— e ee = 49036? = VP ab? 
V2a 


=77-a*b? Ja = Tabla 


V9x+3=18 Check: _9x+3=18 
9x =15 
(V9x)? =15? 
9x = 225 
x=25 
The solution is 25. 


figax!y5 = 2°. 3x13y5 = 1/28 x!2y4 3,5) 
= |25x!2y4 fay =23.x5y?. [Bay 
= 8x°y?/3xy 


2aV2ab? +bV8a>b — SabJab 
=2ay2ab? +bV23a3b —SabVab 
= 2a\b? \2ab + bV2?a? \2ab -SabVab 
= 2abV2ab + 2abV2ab —Sabab 
= 4ab2ab —S5abJab 


(fa -2)fa +2) =a? +2Ja—-2Va -4 


=a-4 


3 3 245  64+3V5 _ 6+3V5 





2-5 2-75 2475 4-5 = 
=-6-3)5 
vx —¥x+3 =1 Check: Vx -yx+3=1 
Ea = 1 — ye v1 -1+3 }1 
(Ve ¥3)? =0-Vx)? vi- a 
na fas 1-2|1 
3=1-2¥x 
2=-2Vx 
-1= 4x 
(-1)? = (Wx)? 
ilegs 


The equation has no solution. 


Strategy 
First integer: x 
Second consecutive integer: x + 1 


The square root of the sum of two consecutive integers: yx+xt1 


Solution 
vx+x+1=9 
V2x+1=9 
(J2x+1)? =97 
2x+1=81 
2x =80 


x=40 
The smaller integer is 40, 


21. 


22. 


N 


23. 


24. 


25. 


26. 
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3=8-V5x Check: 3=8—-/5x 
5 =- 5x 
5=V5x 
5* = (5x)? 
25 = 5x 
=e 
The solution is 5. 
V3(V6 —V x?) = V8 -V3x? = 12-3? - 3x 
=P AP BNE —0f5 


3Va -9Va =-6Va 


i108 = 422.33 
=12?.3? 43 
= 2-3)3 =6)3 

63 = 7.937 


108a7b? _ [1084767 _ Ay? 
3a*b 3a*b | 
= 22.32a3p? = 22.32 0252 Ja 
=2-3abVa = 6abVa 
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29. 


30. 
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Strategy — 


To find the length of the pendulum replace T in 
the equation with the given value and solve for L. 


Solution 
T= 270 ee 
\ 32 
2.5=2n a 
32 


25_ [Lh 
20 32 

6.25: "<1. 

4n2 32 
32(6.25) _ 

An? 

5.07 = L 
The length of the pendulum is 5.07 ft. ° 
Strategy 


To find how high on the building the ladder will 


reach, use the Pythagorean Theorem. The 


hypotenuse is the length of the ladder. One leg is 
the distance from the bottom of the ladder to the 
building. The other leg is the height above the 

ground of the point where the ladder touches the 
building. Solve the Pythagorean Theorem for the 


leg. 


Solution 
a=NVc?2 =p? 
ao)? = (2)? 


a= 
a=v100-4 
a=~v96 
a=9.80 


The ladder will reach the building about 9.80 ft 


above the ground. 


Cumulative Review Exercises 


2. 


lua) 


—3[x —2(3 — 2x) —5x]+2x 
=-3[x -6+4x-—5x]+2x 
= —3[-6]+ 2x 

=2x+18 


3. 2x-4[3x-2(1-3x)] = 2(3- 4x) 
2x -4[3x —2+6x]=6-—8x 
2x -—4[9x -—2]=6-—8x 
2x —-36x+8=6-8x 
-34x+8=6-8x ; 
—34x+8x+8=6-8x+8x 
' —-26x+8=6 
—26x+8-8=6-8 
—26x =-2 
—26x 2 


26 et 
x=— 


13 


1 
The solution is —. 
e solution 3 


4. 3(x -—7) 2>5x-12 
3x-—21>5x-12 
3x -—5x-2125x-—Sx-12 
—2x-212>-12 
—2x-21+212>-12+21 
2x29 
cay 
—2 2 
heas 
5. (x1, 4) = (2, -5), (x2, ¥2) =, 3) 
922 9}- 3 = COs 8 
X72 —- xX, 34 = 2 —-6 





4 
m= = 
3 


The slope of the line is ->. 


1 
6. m “5? (x1, y) =(-2, -3) 
y-Yy = M(x - x1) 
1 
yan (-2)] 
y+3=5(x+2) 
yt3 = 541 


1 
=—x-2 
oa x 


7. f(x) = 34-8 


fl-4) = =(-4) -8 


f(-4) =-10-8 
Sd) = 13 
The value of f(-4) =-18. 





10. 


11. 


12. 


2x+4<-2 
2x-2x+y<-2x-2 
y<-2x-2 
Graph y=-—2x-—2 asa dotted line. Shade the 


lower half-plane. 





The solution is (2, —1). 


(lI) 4x-3y=1 
(2) 2xt+y=3 
Solve equation (2) for y. 


Substitute in equation (1). 
4x-3y=1 
4x -—3(3-2x)=1 
4x-9+6x=1 
10x-9=1 
10x =10 
eo 
Substitute x in equation (2). 
2x+y=3 
20)+y=3 
2+y=3 
il 


y 
- The solution is (1, 1). 


(Ql) S5x+4y=7 
(2) 3x-2y=13 
Eliminate y. 
5x+4y=7 
2(3x — 2y) = 2(13) 


5x+4y=7 
6x—4y =26 
Add the equations. 
11x =33 
x=3 


Replace x in equation (1). 


13. 


5x+4y=7 
5(3)+4y=7 
15+4y=7 
4y=-8 
i oe 
The solution is (3, -2). 


(-3x?y)(-2x3y) = 6x9 -y? 
_ 6x" 


y? 


14. 


15. 


16. 


17. 


18. 


19. 


20. 
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12b4 -6b2+2 12b4 6b? 2 
oe z Rita, 
-6b -6b7 -6b% -6b 


12x3y? -9x7y3 = 3x?y?(4x —3y) 


9b2 +3b—20 = 9b2 -12b+15b-20 


= (9b -12b) + (15b - 20) 
= 3b(3b - 4) + 5(3b—4) 
= (3b —4)(3b +5) 


2a} — 16a? +30a = 2a(a? -8a+15) 


= 2a(a-3)(a-5) 
3x3 -6x? 3x-9 

4x2 +4x 9x3 -45x7 +54x 
_3x2(x-2) —_ (x-3) 
~ 4x(x+1) 9x(x? —5x+6) 
_ 3x7(@>2) is 3-3) 


~ Ax(x+1) 9x(x—-3)(x-2) 
1 





~ 4041) 


eS 


x? -9 
GEO 


~ (x+3)(x-3) x3 


co 6 

x-4 (x-4(x-3) 
SOIT LE On 
~ x-3 x-4 (x-4)(x-3) 
_ (x-3)(x+2)-6 

~ (4-4)(x-3) 

_ (x? -x-6)-6 

~ (x-4)(x-3) 

_ axl 

~ (x-4)(x-3) 

_ («4x +3) 

~ (x-4)(x-3) 

x+3 


x-3 
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x 3x 26. Strategy 
at Fas eee _ Given: $=29.40 
ie ay r=20%=0.20 
(2x- 5f - 2} =(2x- 5 } Use the equation S=C+rC. © 
2x- 2x-5 
& Solution 
Ci) yee S=C4rC 
x—(4x-10) =3x 29.40 = C +0.20C 
x—-4x+10=3x 29.40 =1.20C © 
-3x +10 =3x 24.50=C 
—3x +3x+10=3x+3x The cost is $24.50. 
10 = 6x 27. Strategy 
10 = 6x Amount of pure ae x 
. 6 Amount Percent Quantity 
3 es Water h 0.00x 
The solution is >. 12% solution ; 0.12(40) 
5% solution t 0.05(x + 40) 
22. 227a -5V49a +8V48a 
= 213%a —5V7"a +8V2° -3a The sum of the quantities before mixing is equal 
x 232. hae 572. aay gV¥24 3a to the quantity after mixing. 
= 2-33a -5-7Va +8-27 43a Solution 
= 6V3a -35Va +32V3a. 0.00x + 0.12(40) = 0.05(x + 40) 
= 0.12(40) = 0.05(x + 40) 
5 -3 
83a -35va 4.8=0.05x+2 
2.8 = 0.05x 
320 [320 : 
23. “W525 ae, 56=x 
5 56 oz of water must be added. 





24. 2x-3-5=0 Check: 28. Strategy 
2x-3 =5 The smaller number: x 
The larger number: 21 — 
(J2x—3)? =5? ge r: 21-x 
2x—-3=25 Three more than | . 
2x =28 twice the smaller | 'S The larger 
x=14 number number 
The solution is 14. 
25. Strategy Soluti 
To find the integer, write and solve an equity one} 
using N to represent the number. 3+2x=21-x 
. 34+2x+x=21-x+x 
Solution 3+3x=21 


—3 ict = - 
Three-eighths | . : 3 : : , : 3 
of a number is less than | negative twelve = \ 
x= 


21-x=21-6=15 
aN<-12 The numbers are 6 and 15. 


8/3 8 
(2 v) < aoe 


N<-32 
The largest integer that satisfies the inequality is 


29. 


30. 


Cumulative Review Exercises 


Strategy 
Time for the large pipe: t 
Time for the small pipe: 2t — 


Rate Time Part 


Small pipe 


Large pipe 





The sum of the parts of the task completed by each pipe must equal 1. 


Solution 


2t = 2(24) = 48 
It would take the small pipe, working alone, 48 h. 


Strategy 
First integer: 7 
Second integer: n + 1 


Solution 
The square root of the sum of | . 
isan 
antnt+1=7 
v 2nt+l= 7 
(J2n +1)? =(7)? 
2n+1=49 
2n = 48 
n=24 


The small integer is 24. 
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Section 11.1 


Concept Review 11.1 


1. 


5. 


Never true 


2x” -3x+9=O0 isa quadratic equation. A 
quadratic equation requires an equal sign. 


Sometimes true 

A quadratic equation may have two distinct real 
number solutions, a double root, or no real 
number solutions. 


Always true 


Objective 1 Exercises 


1. 


7. 


9. 


11. 


17. 


19. 


3x? -4x+1=0 
a=3 

b=-4 

Ga 


2x? -5=0 
a=2 
b=0 
c=-5 


6x? -3x=0 
a=6 
b=-3 
c=0 


x? -8=3x 
x* -3x-8=0 


x? =16 
x? -16=0 


Ax+3)? =5 
(x? +6x+9)=5 
2x? +12x+18=5 
2x? +12x+13=0 


x? +2x-15=0 
(x-3)(x+5)=0 
x-3=0 x+5=0 
i x=-5 
The solutions are 3 and —5. 


z*-47+3=0 
(z-1)(z-3) =0 
z-1=0 z-3=0 
z=1 z=3 
The solutions are 1 and 3. 


21. 


23. 


25. 


27. 


29. 


31. 


33. 


p- +3p+2=0 
(p+1)(p+2)=0 
pt+1=0 pt+2=0 
p=-l p=-2 
The solutions are —1 and —2. 


x? -6x+9=0 
(x -—3)(x-3)=0 
x-3=0 x-3=0 
x=3 x=3 
3 is a double root of the equation. The solution is 
3) 


6x? -9x=0 
3x(2x -3)=0 
3x=0 2x-3=0 
x=0 2 
3 
x== 
2 


The solutions are 0 and =. 


r?-10=3r 
r* -3r-10=0 
(r+2)(r—5)=0 
r+2=0 r-S5=0 
r=-2 r=5 
The solutions are —2 and 5. 


3v? -5v+2=0 
(3v-—2)(v-1)=0 
3v-2=0 v-1=0 
3y=2 v=1 
aie 


The solutions are $ and 1. 


3s* +85 =3 

3s? +85-3=0 

(3s —1)(s +3) =0 
3s-1=0 s+3=0 
cake s=-—3 


The solutions are ; and —3. 


6r? =12-r 

6r? +r-12=0 
(2r+3)3r—4)=0 

2r+3=0 3r-—4=0 

2r=-3 3r=4 

8 4 

r-=-— =_— 

2 3 

4 e 


The solutions are = and —. 
2 3 


35. 


37. 


39. 


41. 


43. 


Sy? +1ly=12 


Sy? +11y-12=0 


(Sy-4)(y+3)=0 
Sy-4=0 y+3=0 
Sy =4 Se) 
4 


yo 


The solutions are — 5 etand 3. 


9s? ~6s+1=0 
(3s—1)(3s-1)=0 
3s-1=0 3s-1=0 
3s =1 3s=1 
1 1 


s=— s=— 


3 3 


: is a double root of the equation, 


The solution is ; 


t7-16=0 


— (t+4)t-4)=0 


t+4=0 1t-4=0 
t=-4 t=4 
The solutions are -4 and 4. 


927 -4=0 

(3z -2)(3z+2)=0 
3z-2=0 3z+2=0 
32=2 3z=-7 


aes RR 


The solutions are : and -—. 


3x? _ay- Dia 
2 
3x? =8x-4 
3x? -8x+4=0 
(3x -2)(x-2) =0 
3x-2=0 x-2=0 
3x=2  x=2 


The solutions are 3 and 2. 


2 
3 
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@ + i = 9(2) 


2x7 +9x=18. 
2x? +9x-18=0 
(2x -—3)(x +6) =0 
2x-3=0 x+6=0 
2x =3 x=-6 
3 
x==— 
2 


The solutions are : and —6. 


es | 

47. a< Z=- 3 
355 1 

19 =z? -z]=12 -= 
Ae: :)= x 3) 
92? -122=-4 
9z7 -122+4=0 
(3z-2)(3z-2) = Q 
3z-2=0 3z-2= 
3z=2 BZ 
2: y 


2 eal Z= 


5 is a double root of the equation. 
Noe «2 
The solution is 3" 


49. p+18=p(p-2) 
p+18=p?-2p 
18 =p? -3p 
0= p*-3p-18 
0=(p+3)(p-6) 
‘p+3=0 p-6=0 
p=-3 p=6 
The solutions are —3 and 6. 


51. 57 +5s—4=(2s5 +1)(s—4) 
s* +5s—4=2s? -7s-4 
5s—4=57 -7s-4 
—4=57-12s-4 
0=s? -12s 
= s(s—12) 
s=0 s-12=0 
esi 
The solutions are 0 and 12. 


Objective 2 Exercises 


53. x2 =36 


dx? = 36 
x =+/36 = +6. 


The solutions are 6 and -6. 
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=1 
adi 
vetv1 =+1 


The solutions are 1 and —-1. 


57, 4x*-49=0. 
4x* =49 
> 49 


xo =— 
4 


{r= /2 


a Oe 


4 2 


“ 


The solutions are = an -—. 


S) 


59. 9y? ze 
y? or 


2 

rs 
a No. 3 | 
2 


The solutions are 2 and -—. 
3 3 
61. 16v2-9=0 
16? = 


The solutions are 2 and LS 
4 4 
63. y*+81=0 
=-81 


YY 
dy? =V-81 


vf —81 is not a real number. 


The equation has no real number solution. 


65. w*-24=0 
=24 
lw? =A 
w=+/24 
w=ty2?-3 
w=ty2? 2-3 
w=t2V6 


The solutions are 26 and pa Gs 


67. 


69. 


71. 


73. 


75. 


77. 


(x-1)? =36 


\a-»? = 36 


x-1=+736 = +6 
x-1=6 x-l=-6 
Kasi) x=-5 
The solutions are 7 and —5. 


, Ax+5)* =8 


(x+5)? =4 


V(x+5)? = V4 


x+5=tV4 =42 

x+5=2 x+5=-2 

x=-3 r=—7 
The solutions are —3 and —7. 


x+1)? =50_ 
(x+1)? = 25 


\x+1)? = /25 
x+1=+25 =45 
xt1=5 x+1=-5 
c= 4 x=-6 
The solutions are 4 and -6. 


4(x+5)* = 
(x+5)? =16 


Vc+5) = 16 


x+5=tV16 =+4 

x+5=4 x+5=-4 

x=-1 x=-9 
The solutions are —1 and -9. 


2Ax-9)? =98 

(x-9)? =49 
\(x-9)? = 49 

x-9=+,/49 =47 
x-9=7 x-9=-7 
x=16 a 

The solutions are 16 and 2. 
12(x +3)? =27 

(x +3)? == 


y(x+3) = E 


x+3 rege 
5 
=—-3 x=-—-3 
2 
9 
x=-= x=-— 
2 


The solutions are -5 and os 


2 


79. 9(x-1)* -16=0 
9(x-1)? =16 

16 

=lyi=— 

(231) ; 


cole de 
3 


* 
ass 
MW ll 

Wl rw] awl[ 
+ 
—_ 
x 
WW 
| 
| 
+ 
— 


* 
ul 


The solutions are L and Fh 
3 3 
. 81. 49(v+1)* -25=0 


49(v +1)? =25 


25 
21)° = 
ere 49 


iene 
(v+1) - 


The solutions are ae and eae 
7 z, 
83. (x-4)?-20=0 
(x- 4)? =20 
x-4)? = 20 
x-4=+4/20 
x-4=+4)2?-5 
x—-4=4)2? 5 
x—-4=42)5 


x-4=2/5 — x-4=-2)5 


x=44+25 x=4-2V5 
The solutions are 4425 and 4-2/5. 


85. (x+1)? +36=0 
(x+1)? =-36 


\ix+)? = V-36 


1-36 is not a real number. 
The equation has no real number solution. 
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1 1 
eG =o NG 
2 é ie 


The solutions are xt 6 and =~. 


2 
89. 4{x-2] =16 


2 
(3 -« 
3 
oe 
3 
yo pte Siar: 
3 2 3 
x=2+— x=-2+— 
3 
4 
x=— x=-— 
3 
The solutions are * and -5. 


Applying Concepts 11.1 


91. (x2 +3)? =25 


eq? +3? = 25 

x? +3=45 
x743=5 9 x743=-5 
x? =5-3 aoe 


x? =2 -8 
VP =W2 Vx? =18 
x=+ 2 J-8 is not a real number. 
The solutions are 2 and —2. 


93. x =x 
x?-x=0 
x(x-1)=0 
x=0 x-1=0 
ei 
The solutions are 0 and 1. 
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95. ax*-b=0 7. x? +2x-3=0 
ax? =b x7 +2x=3 
2 bd Complete the square. 
ea: x? 42x41=341 
rz - (x+1)? =4 
a Vat? =V4 
x=t lb _, vb Va _, Vab x+1=212 
“Ya aoa, da 4 a x+1=2 x+1=-2 
a. ch x=1 x=-3 
The solutions are —— and 7a The solutions are 1 and -3. 
a 
i es 9. v?+4v+1=0 
97. le y? +4y=-1 
1585 Complete the square. 
250 =—(5 
2° v7 +4yv+4=-1+4 
100 = v2 (v+2)? =3 
+10=v 
The speed is 10 m/s. V(v+2)? =¥3 
v+2=4)3 
Section 11.2 
‘ v+2= 3 v+2= -J3 
Concept Review 11.2 v=-2+3 y=-2-3 
1. Always true The solutions are -2+-/3 and —2-+/3. 
3. Always true 11. v*-6v+13=0 
5. Never true v? -6v=-13 
For us to complete the square, the leading Complete the square. 
coefficient must be 1. In this case the leading y* -6v+9=-13+9 
coefficient is 3. eyes 
Objective 1 Exercises yw -3)* =/-4 
1 x2 4+12x \-4 is not a real number. 
2 The quadratic equation has no real number 
[5 2] = 36 solution. 
2 
x? +12x +36 13. x2 +6x=5 
(x+6)2 Complete the square. 
x* +6x+9=549 
3. x a (x+3)* =14 
[500)| =25 -  A@e+3)? = Vid 
x* +10x+25 aes 
2 x+3=14 x+3=-yl4 
(x+5) x=-34+V14 x=-3-14 
sre The solutions are -3+-/14 and —3-~/14. 
2 
[5-0] ah 15. x? =4x-4 
e 1 : , x*-4x=-4 
x? -x4¢=— Complete the square. 
o x? -4x¢4=-444 
(x-5] , (x-2) =0 
y(x-2? =10 
x-2=0 
x=2 


The solution is 2. 


17. 


z* =2z+1 
z*-2z=1 
Complete the square. 


z*-2z+1=1+1 
(z-1)? =2 
ie-1)? = 42 
z-l=+2 
z-1=42 z-1=- 2 
z=1+¥2 = z=1-42 


' The solutions are 1+-/2 and 1--/2. 


19. 


21. 


p- +3p=1 
Complete the square. 


p? +3p+2=1+- 


4 
(3-2 
Ps Bibiors oi 


3 13 
+==i-— 
Pet mg 
2 2 2 
= 413 5 3h13) 
PTY. io ae 
_ -3+413 _ 3-13 
Coo yee Ein 
The solutions are =3 a and =e ae 
w? +7w=8 
Complete the square. 
Wee ipishie 8 + 
Ae A 
( zy 81 
w+—| =— 
2) 4 
ae 
2 4 
7 9 
+—=+t— 
RES hrs 
ee? re 
2° 2 2. 2 
og Oy 1 at EN See? 
aoe 32 282 
w=l w=-8 


The solutions are 1 and -8. 


25. 


27. 
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x? +6x+4=0 


x* +6x=-4 
Complete the square. 


x? +6x+9=-449 
(x+3)* =5 
Vor+3)? =5 
x+3=55 
x+3=75 x+3=-J5 
x=34+ 75 x=-3-15 
The solutions are -3+5 and -3-/5. 


r’ -8r=-2 
Complete the square. 
r* —8r+16=-2+16 

(r-4)? =14 

\r=4)? =vi4 
r-4=4y14 

r-4=14 r-4=-J14 

r=4+414 r=4-14 
The solutions are 4+-+/14 and 4-+/14. 
1? -3¢=-2 


Complete the square. 


Peas repeal oe 
4 4 


(3) 


<=> 
2 


NIw | rmlw 
ll 
+ Alo 


Ee Goa 


~ 


t- 


2 
2 
i= 


+ 


1 
2 
iS 
—+— 
ae 
2 


N] Ww 


(he n= 
The solutions are 2 and 1. 
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29. w* =3w+5 
w? -3w=5 
Complete the square. 


eee 
4 4 











31. x?-x-1=0 


x7 -x=1 


Complete the square. 








33. y*-Sy+3=0 














y? -Sy=-3 
Complete the square. 
25 25 
2 
—5y+— = -3 + — 
Pas 4 
(8 
ea) ee 4 
er 
259 4 
5 ae 13 
Saat one 
oe Os te D 
_5_ v3 5 | 13 
J deen 2S ag 
5 Vi3 5 13 
jak eae 
2 2 Zz 2 
_ 5413 _ 5-vi3 
iP 2 2 
The solutions are 5+13 and 5-13, 
2 2 
35. v2 +v-3=0 
vy +y=3 
Complete the square. 
Vianna 
4 4 
( a 13 
v+—] =— 
2 4 
2 
Ge = 13 
Z 4 
olan, gp lo Ens 
Vou? gt Supa 
2 2 2 2 
atu Ete 
DZ 2 
The solutions are aie +13 and aa -V13 2 
2 D 
37. y* =7-10y 
y? +10y=7 


Complete the square. 
y? +10y +25 =7+25 
(y+5)* =32 


My+5)? = 32» 
y+5=+4V32 
yt+5=+4/2 
yt+5=4/2 y+5=-4/2 
y=-S+4J2  y=-5-4y2 
The solutions are -5 + 4/2 and —5-4,/2. 


39. 


41. 


43. 




















s* +3s=-1 
Complete the square. 
Cao ee 
3 4 
(+3) 
2 4 
2 
(a -F 
2 4 
2 2 
peo west yo! 
a2 2 
3, V5 3 V5 
s=-—+— s=-—-— 
Za. eee 
eee Peco 
2 2 
The solutions are =3+V5 and -3- V5 
2 2 
r-1=4 
Complete the square. 
pagpeeayt 
4 4 
(ye 
2 4 
( a [17 
t-=—}| =,J— 
2 4 
liga? 
2 2 
2 2 2 2 
peter iT eo alt 
ieee 2a. 
itdiT ivi? 
i #9 2 
The solutions are ee and = 
x? -3x+5=0 
x? -3x=-5 


Complete the square. 


2 9 9 
-3 +—=-5+— 
x Xo 4 


4 
a 11 
(«-3 my 


x-3] 3 
a is not a real number. 


The quadratic equation has no real number 
solution. 


45. 


47, 
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21? -3t+1=0 
21? -3¢=-1 


ie 1 

—(2t ~3t =—(-1 

3! ) 5! ) 
Ned 1 


t* -—t=-— 


Ze 2 
Complete the square. 


t= 
The solutions are 1 and > 


2r? +5r=3 
For? +5r)= 50) 


eae ge 
2 
Complete the square. 


Da DM ele ee 
re t—rt—==t+— 
29 165 29 16 


S +5) -8 49 
4 

i _p 
[-+3} 


rants 


The solutions are 3 and —3. 
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49. 4y*-4y-1=0 53. 3y-5=(y-1)(y-2) 
4y? —4y=1 3y-S=y? -3y+2 
2 
leer 1 —-S5=y* —6y+2 
—(4y? -4v)=-(1 
ee oy 8 by 
ee y* -6y =-7 


Complete the square. 


Complete the square. 
; A y* -6y+9=-749 














eee : 
AO Ash (y-3)° =2 
2 S 7 ee 
(»-3} ot 4-3)? = V2 
2 2 y-3=442 
(v-4) = - y-3=72 y-3=-V2 
2 2 y=34+2 ~~» -y=3-V2 . 
al oe The solutions are 3+-/2 and 3-2. 
ae me 
xo HE 
gol gl 58. Ses 
Dee . 2 ae . 2 
1, +2 1 +2 
=—+— =—_—-—-— — es 
Laaqag ie 2 {= 2) — 
1+2 1-2 
vie vi x? -2x=12 
2 2 Complete the square. 
= 2 Ee 
That Ne Bey 1-V2_ x° —-2x+1=12+1 
z 2 (x-1)? =13 
51. 42? -8z=1 \-p? = 413 
a(42? -82) == x-1=2V13 
1 x-1=V13_ x-1=-¥13 
27 -2z=— x=1+413 x=1-+13 
4 : 
Complete the square. The solutions are 1+-/13 and 1--/13. 
2 1 
-2z+1=—+1 
z Zz 4 
a 
«ly A 
5 
1y = 
\(z- ) - 
eae. 
2 
een epee 
2 2 
saree: $e paae 
2 : 2 
2 2ty5 sa dens 
2 2 
The solutions are ase and ed 


2 
57. 2443 


28 ae= 3 


ca = 25|= = 3(3) 


2x* -6x=9 


toe aoe! 
5 (2x? 62) =5(9) 


x? see 


Complete the square. 
9 9 9 
x-3x+—==+=— 
Aa 2 ue 





Complete the square 
x? -8x+16=-9+16 
(x-4° =7 
\x-4)? =V7 
x-4=4 7 
x-4=47 x-4=-)7 
x=44+47 x=4-47 
The solutions are 4+-+/7 and 4-47. 


61. y?+3y=5 
Complete the square. 


. $3y+2=542 


+5 
29 
2 
poe 
2 2 
_-3+V29 


ee 
_ 345.3851 


2 
2.3851 


= 


2 
y=1.193 
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eA ahve 
2 2 
3 19 


Lee 


_ 3-29 
2 
_ =3-5.3851 
mz 
_ 8.3851 


2 
y = 4.193 


The solutions are hoger 1.193 and 


4.193. 


63. 227 -3z=7 
ee 1 
—(2z” -3z)=—(7 
3 (22 z) 5) 

Belial 
aoe) 

Complete the square. 








z= 2.766 








z=-1.266 


The solutions are approximately 2.766 and 


—1.266. 
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65. 4x2+6x-1=0 
4x? +6x=1 


ant Ane 
7 (4x? +6x)=2 


P4oxe2 
Complete the square. 
2,3 opeeles9 
x° +=xX4t—S Et 
2 16 4 16 


( a) 13 
xt=] == 
4) 16 








4 16 
gee 
4 4 
3_ vi3 Seal ai3. 
x+—=— +—=-—— 
4 4 4 4 
3, V3 3 V13 
x =-—+— x=-=—-— 
4 4 4 4 
estes _-3-v13 
4 
—3 + 3.6056 ~ 2373-6056 
0.6056 ~ 09-6056 
4 4 
x=0.151 x =-1.651 
The solutions are approximately 0.151 and 
-1.651. 
Applying Concepts 11.2 
67. V2x+7-4=x 
V2x+7=x+4 


(J2x +7)? =(x+4)? 
2x+7=x7 +8x+416 

O=x7 +6x+9 
0=(x+3)(x +3) 

x+3=0 

x=-3 
-3 is a double root. 
The solution is —3. 


Check: 





-3 checks as a solution. 





id 3 x+2 


3(x+ 2| 22 ‘ =| = 3(x+2)(4) 


(x—2)(x +2) +6 =12(x+2) 
x* -446=12x+24 
x? +2=12x+24 


x -12x=22 
Complete the square. 


x” -12x+36 = 22 +36 
 (x-6)? =58 
\(x-6)? = 58 
x-6=+58 
x=6+/58 


The solutions are 6 +58 and 6-58. 


~ Section 11.3 


Concept Review 11.3 
1. Always true 


3. Never true 
The equation must have a zero on one side of the 


equation. 4x? -3x-9=0 is in standard form. 


5. Never true 
BE ee 23 ee 


Objective 1 Exercises 
3. z27+6z-7=0 
a=1,b=6,c=-7 
-b+Vb? -4ac 
2a 


= EVO? - 4D 


2-1 
-6+-¥36+28 _-6+/64_ -6+8 


2 2 2 


Z= 





I 
Ni] 
il 
ran 
il 
ll 
! 
~ 


2 
The solutions are 1 and —7. 


5. w2 =3w+18- 13. 
w? —3w-18=0 
a=1,b=-3,c=-18 
wy okt Nb? — 4ac 
2a ; 
se =(=3) 5 4 (-3)* — 4()(-18) 
2:1 
_3+V9+72 _3+81 349 
2 2 2 
ete el 
iF a 
=o—s= ee 1 
The solutions are 6 and —3. 15 
7. 17 -2r=5 
17 -2t-5=0 
a=1,b=-2,c=-5 
bt b? = 4ac 
2a 
et 2)? - 40-5) 
. DA 
+ * 
_ 244420 _ 2424 _242V6 _1, 
5 2 2 
The solutions are 1+6 and 1--/6. 
17. 
9. 17+6t-1=0 
a=1,b=6,c=-1 
bth? = 4ac 
2a 
6+ 46)? -40(-) 
| pea « aie! 
_ -6+V36+4 -6+-/40 
2 2 
+ 
= 60 _ 54 (70 
The solutions are -3+-/10 and -3-,/10. 
11. w?+3w+5=0 19, 
a=1,b=3,c=5 
_ -b+Vb? -4ac 
2a 


_-341@)?-406) 
2-1 
_-34+9-20 _ -3+V-11 
ae 
4-11 is not a real number. 
The quadratic equation has no real number 
solution. 
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w? =4w+9 
w* -4w-9=0 
a=1,b=-4,c=-9 
: -b +b? —4ac 
2a 
ee —(-4) + y(-4)? - 4((-9) 
2-1 
_ 44416436 _ 44+-/52 
2 2 
~ 482/13 9418 
The solutions are 2+413 and 2-13. 
pe-p=0 
a=1,b=-1,c=0 
a ~b+¥b? = 4ac 
2a 
se ~-) 1-1? - 400) 
oT 
_itvi 141 
2 2 
i412 


(a Oe 
=—— =— =] =—_ = — =0 
Bn cgn 


N 


The solutions are 1 and 0. 


417 —41-1=0 
a=4,b=-4,c=-1 
_ bb? -4ac 
ace Pea 
* +4) + (-4)? - 44D 
2-4 


_44+V16+16 4432 
8 8 
4+4/2 142 


8 











2 
The solutions are ee and 


ee 


2 


417 -9=0 
a=4,b=0,c=-9 


ms —b+b? —4ac 


2a 


tO? - 4-9) 


2-4 


+ 
z 
| 
+ 
— 
N 
I 
+ 


The solutions are — and ee 
2 2 
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“2% 3x7 -6x+2=0 
a=3,b=-6,c=2 ° 


ee wb tO? = dae 


2a 


ee OEM EH? = 482) 
2-3 
_ 6436-24 _ 6 +12 








6 6 
_ 64243 3443 
6 3 
The solutions are ae and ek, 
23. 32? =21+3 
317 - 21-3 =0 


a=3,b=-2,c=-3 


_ b+ Vb? - 4ac 
2a 
_ 2) 1-2)? - 4G) 
io 2-3 
_ 244436 _ 2+/40 


6. 6 
_2+2V10 _ 14-10 


6 iz 
aie pee 











The solutions are 


25. 2x7+x+1=0 
a2 pec 


en wht? = 4ac 


2a 


_ x1 Va? -4@@ 
2-2 
_WltVi-8 _ -1+V-7 


—— ——_—. 


4 4 
f —7 is not a real number. 


The quadratic equation has no real number 


solution. 





27. 


29. 


31. 


 Qy* +3 =By 
2y* -8y+3=0 
a=2,b=-8,c=3 
_ -b+¥b? -4ac 
ee 2a 


yee + (-8)? - 4(2)) 
2-2 
8464-24 84/40 
TER Shee @ cat eden 
_8+2Vi0 _ 4+V10 
2 


4 
woe ne 4-V10_ 


The solutions are > 


317 =71+6 
317 -7t-6=0 
a=3,b=-7,c=-6 


_ b+ Vb? - 4ac 


2a 


pe DEVED? 4-6) 
2-3 
_74V49+72 _74Vi21 _ 7411 


6 6 6 


t 








The solutions are 3 an -=. 


3y? -4=5y 
3y? —-Sy-4=0 
a=3,b=-5,c=-4 


Seb hee 


fa 2a 


_ -(-5)+-(-5)? - 43)(-4) 
1 eae a 
¥ 5+-/25+48 3 5+ 73 


6 6 
Sf ST 








The solutions are 


re 
3x? ~x-3=0 
a=3,b=-1,c=-3 
_ ~b+Vb? -4ac 
2a 
ee DEV ED? =4)-3) 
2-3 
_1+V1+36 _ 14-37 
6 6 
+37 a, ee 


6 ee 


A 1 
The solutions are 





35. 5d*-2d-8=0 
a=5,b=-2,c=-8 


. -b +b? — 4ac 


2a 


pe DENCE? = 4-8) 


2-5 

_ 24+V4+160 _ 2+-/164 
10 10 

_24+2V41_ 14/41 


10 5 : 
14741 | 1-41 


and 
5 5 





The solutions are 








37. 5z* +11z=12 
527 +11z-12 =0 
a=5,b=1l,c=-12 


ERAN doc 


2a 


eS ee ya 1)* - 4(5)(-12) 


2:5 


10 10 ~ 10 








The solutions are = and 2%, 
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39. v*+6v+1=0 
a=1,b=6,c=1 


" —b+b ~4ac 


2a 


6 -6+(6)? -4@a) 
4 
n -6+-/36-4 B 6 +32 


eae 2 
—6+ 
~ bt? _ 5429 
The solutions are =3 Poy) and ==), 


41. 412 -12r-15=0 
a=4,b=-12,c=-15 


bt Ab? — 4ac 
2a 


» ~(-12) +-J(-12) - 4(4)(-15) 


2:4 
. _124+144+240 | 124-384 


Soe 


t 


8 

_12+8V¥6 _ 3+2V6 
8 2 

es 4 sae 





The solutions are 








43. 2x? =4x-5 
2x” -4x+5=0 
a=2,b=-4,c=5 

_ -b + Vb? = 4ac 


2a 


ee MEH? -4) 
2:2 
_4+ 16-40 _ 4+ -24 


4 4 


1-24 is not a real number. 
The quadratic equation has no real number 
solution. 


45. 9y*+6y-1=0 
a=9,b=6,c=-1 


—~b+b? —4ac 


2a 


_ 6+ (6)? -4(9)(-1) 
i 2-9 
6+ (36 +36 _ 6 +72 


18 18 
—6+6/2 _-1+2 
18 3 


Se 





The solutions are 
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47. 6s*-s-2=0 
a=6,b=-1,c=-2 


_ -b +b? - 4ac 
3 2a 
_ Cnt yen? - 46-2) 
a ue Ge te 
_14+V1+48 _14-V49 _ 147 


=e 


12 12 12 


The solutions are a and af : 
3 2 

49. 4p? +16p=-11 

4p* +16p+11=0 

a=4,b=16,c=11 
_ -b+¥b? -4ac 

2a 

-16+06? - 40D 


2-4 
_ -16+-/256-176 _ -16+/80 
[= 8 
_-16+4V5 _ -4+5 
8 2 
+ 





a 


k 


a4 5. 


2 


The solutions are and 





51. 4x =4x411 
4x? -4x-11=0 
a=4,b=-4,c=-11 

_-b +b? = 4ac 

2a 


ee MENA? ACID 


2-4 

_ 444164176 _ 44-192 
8 8 

_ 4483 _ 1423 

8 2 

a ie —— 


The solutions are 


53. 4p” =-12p-9 
4p? +12p+9=0 
a=4,b=12,c=9 


_ -b +b? - 4ac 
2a - 
~ -12+ Ja2)? - 4(4)9) 
ae 2-4 
_ 124-144-144 _-12_ 3 
A 8 Eaton 2 


The solution is ->. 


55. _ Oy? =-30v-23 


Ov? +30v+23=0 
a=9, b=30,c =23 


_ -b+¥b? - 4ac 
7 2a 
aoa +30)? - 4(9)(23) 
2-9 
_ -30+-900-828 _ -30+/72 
2 18 “> 18 
-30+6/2 _ -5+2 
ig. Shere 
5+ V2 


The solutions are — 








and 5-42 
3 3 


57. —-=—= 


3x? -2x-6=0 
 a=3,b=-2,c=-6 


oe -b+yb? —4ac 


2a 


_ (2) 41-2)? - 48)-6) 
see 2-3 3 
_24+V4+72 _2+V76 
6 6 
_242V19 _ 14-19 
3 


6 
ee ce 











The solutions are 
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2x 65. s?-6s-13=0 
59. -— —=xt+ 
see a=1,b=-6,c=-13 
2 
22 ]-susn = bt vb" —4ae 
5 2a 
oe 
ya. _ 6) (6)? - 40-13) 
2x* -5x-5=0 ce a <r oe 
=2,b=-5,c=-5 ce 
Briar 3 _ 64436452 _ 6+/88 
_-b+1b? -4ac 2 ab? 
“ : = SEW 32 
~(-5) +(-5)* - 4(2)(-5) 
nec nea s=3+22 s=3-22 
_ 5+425+40 5+J65 =3+4690  ~3-4.690 
; 4 ea = 7.690 = -1.690 
a The solutions are approximately 7.690 and 
The solutions are sae. and ae —1.690. 
x5 122 67. 2p?-7p-10=0 
a Ree ice, a=2,b=-1,c=-10 
5:{2+ 5). sx( 4 2) _-b+ Vb? -4ac 
2a 
x? +25=12x 
-1 + J(-7? - 4(2)(-10 
x? -12x+25=0 TE 
=1,b=-12,c=2 
i ae _2 1 _ 2408 
_ -b+¥b? -4ac 
2a ois (TN : 
~12)+ (12)? -4@2 4 4 
ere oes _74+11.3578  _ 7-11.3578 
_ 124-144-100 _ 12+/44 = 4.589" seta 
2 2 The solutions are approximately 4.589 and 
a 1.089. 
= 28201 6s JT 
S55. 5 Capea 
The solutions are 6+-V11 and 6-11. Cas RECN 
a=4,b=8,c=-1 
63. x? -2x-21=0 _ -b+¥b? = 4ac 
a=1,b=-2,c=-21 es 2a 
_ bb? —4ac _ 84 (8)? -44(-1) 
2a as 2-4 
+2) (2) — 40-2) = ~8#V64+16 _ -8-V80 
e 2-1 8 8 
_24V4484 _ 24/88 _-8+4V5 _ -2+45 
Bei gh) 2 8 2 
= 222% 14m Ss a 
-2+2.236 -2=2.236 
x=1+22 x=1- 22 Ts as Soe ae 
=1+4.690 =1-4.690 = 0.118 ~ -2.118 
= 5.690 = -3.690 


The solutions are approximately 5.690 and 
—3.690. 


The solutions are approximately 0.118 and 
—2.118. 
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71. 5v*-v-5=0 
a=5,b=-1,c=-5 


_ -b +b? = 4ac 

a 2a 

ee -(-y tn? - 45-5) 
2-5 

_ 1414100 _ 14-101 

=a Seen’ 

ya itvi01 _1-¥i01 


10 10 
_1+10.0499 _ 1-10.0499 


10 10 
=1.105 = —0.905 
The solutions are approximately 1.105 and 
-0.905. 


v 


Applying Concepts 11.3 
x+2 4 


Banca) 
302 522-4) = 4-292 
3 x-2 
(x—2)(x +2)—3(4) = 6(x-2) 
x? -4-12=6x-12 
x? -6x-4=0 
a=1,b=-6,c=-4 
_ -b+Vb? = 4ac 
2a 
Se ~(-6) (6)? - 40(-4) 
2(1) 
r 6+-/36+16 i; 6+/52 
2 2 
- S203 5413 
The solutions are 3+4/13 and 3/13: 


73. 








75. a. False 
x= 12-x 
2 =(i=3) 
x? =12-x 
x? +x-12=0 


(x+4)(x-3)=0 
x+4=0 x-3=0 
x=-4 ia 
—4 and 3 are solutions to x? =12-x and are 
possible solutions to x = V12-x. 


Check: 
x=-4 aS 
x=~V12-x 
3} 712-3 
V9 
3 
J=5 





3 is the solution to x =/12-x. 
b. False 


416 +V9 =44+3 
i) 
16+9=25 
7? #25 
c. False 
19 =3 
d. True 
Section 11.4 


Concept Review 11.4 
1. Always true 


3. Never true 
This is a second-degree equation. The graph of a 
second degree equation is a parabola. 

5. Never true 


The coefficient of x? is negative. The parabola 
opens down. 


Objective 1 Exercises 


52 y= a3 
a=1 
a is positive. 
The graph opens up. 


1 2 
Te ee a 2 
Oo 
Q==— 
a is positive. 
The graph opens up. 


11. 


13. 


15. 


17. 


y= x? -2x+3 
a=1 — 

a@ is positive. 

The graph opens up. 















= 
at 


aup 4am 
et 





21. 





29. 


31. 


33. 


35. 


37. 


39. 





Section 11.4 309 


Applying Concepts 11.4 


41. y+1=(x-4) 


43. 


45. 


ytl=x? -8x+16 
y=x? —8x+15 


y-4=%x-3)? 

y—4=2x? -6x+9) 

y—4=2x? -12x418 
y = 2x? -12x+22 


y=-x7 +4 
 O=—x7 +4 
x*-4=0 


(x-2)(x+2)=0 
x-2=0 x+2=0 
x=2 x=-2 
The x-intercepts are (2, 0) and (—2, 0). 
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47. 


49, 


51. 


53. 


55. 


57. 


59. 


61. 


Chapter 11: Quadratic Equations 


y= yee AS 63. The graph never crossing the x-axis. 
O=x? -4x 
x*-4x=0 
x(x-4)=0 
x=0 x-4=0 
x=4 


The x-intercepts are (0, 0) and (4, 0). 





The solutions of the equations x? +4x+5=0 are 


2 
yRet ea) not real numbers. 
0=2x? -x-1 
2x? -x-1=0 Section 11.5 
Ce) =P Concept Review 11.5 
2x +1 = 0 x -] = 0 
x ye 1. Never true 
a" = as Three more than twice the width is written as 2W 
ea +3. 
The x-intercepts are (-5: 0) and (1, 0). 3. Always true 
4 5. Always true 


g(x) =x? -2x-3 
g(2)=2? -2(2)-3=4-4-3=-3 


P(x) =3x? -6x-7 
P(-3) = 3(-3)* -6(-3) -7 = 3(9) + 18-7 
=27+18-7=38 





y=2x? -2x+1 
13=2x? -2x+1 
2x? -2x-12=0 
2(x* -x-6)=0 


2(x —3)(x+2)=0 
x-3=0 x+2=0 
x=3 x=-2 


Since the point (x,, y,) is in quadrant I, x; =3. 


Objective 1 Exercises 


1. 


Strategy 

¢ This is a geometry problem. 

e Width of the rectangle: x 
Length of the rectangle: x + 2 


The area is 24 ft?. 
¢ Use the equation A = LW. 


Solution 
A=LW 
24 =(x+2)x 
24 =x? +2x 
O=x?+2x-24 
0 =(x+6)(x-4) 
x+6=0 x-4=0 
x=-6 x=4 
The solution x = —6 is not possible. 
x+2=44+2=6 
The width is 4 ft. 
The length is 6 ft. 


3. 


5. 


Strategy 

* This is a geometry problem. 

* Width of the rectangle: x 
Length of the rectangle: 2x. 


The area is 5000 ft?. 
* Use the equation A = LW. 


Solution 
A=LW 
5000 = x(2x) 
5000 = 2x? 
2500 = x? 


2500 = Vx? 
+50 =x 
The solution x = —50 is not possible. 
2x = 2(50) =100 
The width is 50 ft. 
The length is 100 ft. 


Strategy 

° This is a consecutive integer problem. 

° First consecutive odd integer: n. 
Second consecutive odd integer: n + 2 

° The sum of the squares of the two consecutive 
positive odd integers is 130. 


Solution 
n? +(n+2)* =130 
n? +n? +4n+4=130 
2n? +4n-126=0 | 
2(n? +2n-63) =0 
2(n+9)(n—7) =0 
(n+9)(n-7)=0 
n+9=0 . n-7=0 
n=-9. -n=7 
The solution n = —9 is not possible because —9 is 
not a positive integer. 
n+2=7+2=9 
The integers are 7 and 9. 
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. Strategy 


¢ This is an integer problem. 
e First integer: x 
Second integer: x + 4 
° The product of the two integers is 60. 


Solution 
x(x +4) = 60 
x? +4x=60 
x? +4x-60=0 
(x +10)(x-6)=0 
x+10=0 x-6 
x=~-10 x 
x+4=-10+4=-6 
x+4=6+4=10 
The integers are -10 and -6 or 6 and 10. 


. Strategy 


¢ This is a work problem. 

¢ Time for the second computer to solve the 
equation: t 

Time for the first computer to solve the equation: 

t+21 


Rate Time Part 


Second computer 


First computer 





¢ The sum of the parts of the task completed by 
each computer must equal 1. 


Solution 





t ¢t+21 
nes 2i{ 2 i) =1(1+21)() 
ty te) 
10(¢+ 21) +102 = #(¢ +21) 
10¢+210+102 = 17 +21 
O=17 +4-210 
; 0=(t+15)¢-14) 
t+15=0 t-14=0 
t=-15 t=14 

The solution —15 is not possible. 
t+21=144+21=35 
The first computer can solve the equation in 
35 min. 
The second computer can solve the equation in 
14 min. 
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11. 


13. 


Chapter 11: Quadratic Equations 


Strategy 

e This is a work problem. 

¢ Time for using the second engine: t 
Time for using the first engine: t + 6 


Rate Time Part 


Second engine 


First engine 





° The sum of the parts of the task completed by 
each engine must equal 1. 


Solution 
4 4 
—+—=1 
t t+6 
u(t+ o{4 ~ =| =1(t + 6)(1) 
PhO 
4(t +6) + 41 =t(t + 6) 
4t+2444t =17 +61 
O=1? -21-24 
0 =(t-6)(t+ 4) 
t-6=0 t+4=0 
t=6 t=-4 
The solution —4 is not possible. 
t+6=6+6=12 
Using the first engine, it would take 12 h. 
Using the second engine, it would take 6 h. 


Strategy 
¢ This is a distance-rate problem. 
° Rate of the plane in calm air: r 


Distance Rate Time 


With wind 


Against wind 





¢ The time spent traveling against the wind is 2 h more than the time spent traveling with the wind. 








Solution 
375 ae 375 
r-25 r+25 
(r—25)(r+ 25, pu5 } =(r—25)(r+ 2542 + =] 
r—25 r+25 


375(r +25) = 2(r—25)(r +25) + 375(r — 25) 
375r + 9375 = 2(r? - 625) + 375r — 9375 
375r +9375 = 2r? -1250 +375r—9375 

0 = 2r? — 20,000 
0 = 2(r? - 10,000) 
0 =r -10,000 
. 0 =(r+100)(r-100) 
r+100=0 r-100=0 
r=-100 r=100 
The solution —100 is not possible. 
The rate of the plane in calm air is 100 mph. 


15. 


17. 
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Strategy 
* This is a distance-rate problem. 
¢ Rate for the first 150 mi: .r 


¢ Rate for the next 35 mi: r— 15 


Distance Rate Time 


First 150 mi 


Next 35 mi 





° The total time for the trip was 4 h. 


Solution 
150. 35 = 
r r-15 
rr 15{ 22425.) = 15,4) 
r r-15 
150(r -15) +35r = 4r(r-15) 
150r — 2250 +35r = 4r2 -60r 


0 = 4r? —245r + 2250 
0 =(4r-45)(r —50) 
4r-45=0 r-50=0 
4r = 45 r=50 
45 


r=— 


4 


4 





The solution = is not possible because the rate for the next 35 mi would be a negative number. 
The rate of the motorist for the first 150 mi was 50 mph. 


Strategy 
To find the time, substitute 32 for h in the equation h = 481 — 16i7 and solve for t. 
Solution 
h= 481-1617 
32 = 481-1627 


161? — 487 +32 =0 
16(t? —3¢+2)=0 
1? -31+2=0 
(t-1(t-—2) =0 
t-1=0 t-2=0 
t=1 t=2 
The arrow will be 32 ft above the ground at 1 s and 2 s. 
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19. 


21. 


Chapter 11: Quadratic Equations 


Strategy 
To find the maximum speed, substitute 150 for d in the equation d = 0.0056v? +0.14v and solve for v. 


Solution 
d =0.0056v2 +0.14v 
150 = 0.0056v" +0.14v 
0 =0.0056v* + 0.14v-150 
a=0.0056, b=0.14, c=-150 
aa he 
2a 
ya ol4e Jo. 14)? - 4(0.0056)(-150) 
2(0.0056) 
ya l4 +./0.0196 + 3.36 
0.0112 


ra -0.14 + 43.3796 


0.0112 
v=151.6 or —176.6 ' 
Since the speed cannot be negative, -176.6 cannot be a solution. 
The maximum speed a driver can be traveling is 151.6 km/h. 


Strategy 


To find the distance, substitute 5 for yin the equation y= -0.005x? +1.2x +10 and solve for x. 
Solution 

y =-0.005x? +1.2x+10 

5 =-0.005x? +1.2x +10 

0 =-0.005x? +1.2x+5 

0 =-0.005(x? - 240x - 1000) 

0 =x*-240x -1000 

a=1, b=-240, c=-1000 

_ bt Vb tae 

2a 
_ ~(-240)+ (240)? - 40-1000) 
oh 2-1 

pa Ot {57,600 + 4000 


22 


eae 240 + {61,600 


2 
x= 244.1 or -—4.1 
Since the distance cannot be negative, -4.1 cannot be a solution. 
The hose is 244.1 ft from the tugboat. 
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23. Strategy 
To find the time, substitute 10 for h in the equation h = -16t? +32t+6.5 and solve for t. 


Solution 
h=-16t? +32t+6.5 
10 = 16? +321 +6.5 
0 =-16t? +32r-3.5 
a=-16, b=32, c=-3.5 
iS ~biyb? =4a0 
2a 
ee 432)" —4(-16)(-3.5) 
2(-16) 
Bests 11024 — 224 
-32 
eat +-/800 


—32 
t= 0.12 or 1.88 
The ball will be 10 ft above the ground twice, on the way up and on the way down. 


The ball hits the basket 1.88 s after it is released. 
Applying Concepts 11.5 


25. Strategy 
To find the radius, solve the equation V = nrh for r, using V= 1500 and h= 15. 


Solution 
V=nr-h 
1500 = mr? -15 
1500 _ 15nr” 
‘15n 150 
100_ 2 


a 


T 
100 _ a 
1 


+5.64=r 
Since the radius cannot be negative, —5.64 cannot be a solution. The radius of the can is 5.64 cm. 





27. Strategy 
Let x represent the first integer. Then the other integers are x + 1, x+ 2, and x + 3. 
Solution 
x? +(x+1)? +(x+2)? +(x+3)* =86 
x? +x7 422x414 x? +4x444x7 +6x4+9=86 
4x? +12x+14 =86 
4x? +12x-72=0 
4(x? +3x-18)=0 
x? +3x-18=0 
(x +6)(x -3)=0 
x+6=0 x-3=0 
x=-6 x=3 
The integers are either -6, -5, -4, and —3 or 3, 4, 5, and 6. 
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29. Strategy 
¢ Radius of the small pizza: r 
Radius of the large pizza: 2r - 1 
e Area of the small pizza: tr? 
Area of the large pizza: ™(2r — fy 


¢ The difference in the areas is 337 in?. 


Solution 
n(2r-1)? - mr? =33n 
m(2r-1)?-r?] _ 330 
See. eee 
(2r-1)* -r? =33 
4r? —4r+1—r? =33 


3r? —4r-32 =0 
a=3,b=-4,c=-32 


wht Ab? = 4ac 


2a 


BE YA)? = 40-32) 
23 
ne 4+-/16+384 





4+20 
yim 


r=4or —2.67 
Since the radius cannot be negative, —2.67 cannot be a solution. 
The radius of the small pizza is 4 in., so the radius of the large pizza is 2(4) — 1 = 7 in. 


31. Strategy 


To find the dimensions of the cardboard, find an expression to represent the volume of the box and solve for x, using 
512 for the volume. 


Volume = (x —2-2)(x-—2-2)(2) 
Volume = 2(x — 4)(x -— 4) 


Solution 
512 =2(x-4)(x-4) 
512 = 2(x? -8x +16) 
512 = 2x* -16x +32 
0 = 2x* -16x- 480 
0 = 2(x” -8x-240) 
0=x?-8x-240 
0=(x-20)(x +12) 
x-20=0 x+12=0 
x=20 x=-12 
Since the dimensions of the box cannot be negative, —12 is not a solution. 


The dimensions of the cardboard are 
20 in. by 20 in. 
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Focus on Problem Solving 


1. a. Profit = Revenue — Cost 
P=R-C 
1200 = 400n — 2n? —(240n +1200) 
1200 = 400n - 2n” —240n -1200 
2n* -160n +2400 =0 
2(n? -80n +1200) =0 
n* -80n +1200 =0 
(n-20)(n-60) =0 
The company must produce and sell either 20 guitars or 60 guitars. 
b. P=R-C 
P = 400n-2n? -(240n +1200) 
P = 400n-2n? -240n-1200 


P =~2n? +160n-1200 
The graph of the equation opens down. 
It does through the points (0, -1200), (10, 200), (20, 1200), (30, 1800), (40,2000), (50, 1800), (60, 1200), 
. (70, 200), and (80, —1200). 
P 





greeted 
0 20 40 60 


n 


Number of guitars 
The highest point on the graph is (40, 2000). 
This point indicates that a maximum monthly profit of $2000 will be made if 40 guitars are produced and sold. 
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was Profit = Revenue — Cost 


P=R-C 
18,000 =175n -0.2n? —(35n + 2000) 
18,000 = 175n-0.2n” —35n-—2000 
0.2n? -140n + 20,000 =0 
2n* -1400n + 200,000 = 0 
2(n* —700n + 100,000) = 0 
n* —700n +100,000 = 0 
(n—200)(n - 500) =0 
n—200=0 n-500=0 
n= 200 n=500 
The company must produce and sell 200 videotapes or 500 videotapes. 


b. P=R-C 
P=175n-0.2n? —(35n +2000) 
P =175n—-0.2n? —35n—2000 


= -0.2n? +140n - 2000 
The graph of the equation opens down. 
It goes through the points (0, -2000), (100, 10,000), (200, 18,000), (300, 22,000), (350, 22,500), (400, 22,000), 
(500, es ,000), (600, 10,000), and (700, —2000). 


CRI 
18,000 AY 


12,000 PENG 





9 200 400 600 
Number of videotapes 
The highest point on the graph is (350, 22,500). 
This point indicates that a maximum monthly profit $22,500 will be made if 350 videotapes are produced and 
sold. 


Projects and Group Activities 


Graphical Solutions of Quadratic Equations 


1. y=2x?-3x-7 


—10 
The approximate solutions are —1.265564 and 2.7655644. 
x? +5x=1 
x* +5x-1=0 
y= x? 45x-1 
10 


-10 10 


—10 
The approximation solutions are 0.1925824 and —5.192582. 


1 
3. y=nx? -V17x-—— 
43 


10 


—10 10 


—10 


Projects and Group Activities 


The approximate solutions are -0.1276185 and 1.4400438. 


4. y=0.5x2 —2x+2 
10 


—10 10 


—10 


The solution is approximately 2. The graph touches the x-axis only at x = 2, so 2 is a double root. 


5. y=x?4+4x45 
10 


—10 10 


—10 


The graph does not cross or touch the x-axis, so there are no real solutions. 


Iterative Calculations 
1. 


Iteration 

1 0.025 

Z 0.098125 

3 0.3636144531 
4 1.057811401 
5 0.8743507239 
10 1.171032227 
20 0.3262530591 
30 1.020812151 
40 0.7584087346 

Ze 





4p-3p* 









1 0.5 

2 1.25 

3 0.3125 

4 0.95703125 

5 1.08039856 
10 1.229013644 
20 1.218765181 
30 0.0117026371 





1.24765145 











p+3p(- p) 
0.025 
0.098125 
0.3636144531 
1.057811401 
0.8743507239 
1.171032227 
0.3262530628 
1.020808451 
0.7539769885 


p+3p(l- p) 
0.5 

1225 

0.3125 
0.95703125 
1.08039856 
1.229013644 
1.218765181 





. 0.0117025755 


1.24781711 
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3. Answers will vary. 




















4. 49x? =25 
4. Answers will vary. Student answers may include x= 25 
information about Pierre Verhulst, who suggested 49 
that the rate of population increase may be 2) 25 
limited, that is, it may depend on population gs 49 
density. 
x=t— 
Geometric Construction of Completing the 
Square The solutions are : and -2. 
1. [e]z]x] ; 
Ano 5. 
ann 
x? 44x44 
I. 
6. 
x? +10x +25 
3. Yes 
Chapter Review Exercises 7. 
. x? -10x+2=0 
1. b rie a=1,b=-10,c=2 
b* =16 
_ -bt¥b? -4ac 
Ve? = v6 <°S oe 
b=1+4 
The solutions are 4 and -4. < —(-10)+ (10)? — 4(1)(2) 
2 oi . 2-1 
2. .x?-x-3=0 10+-/100-8 
a=1,b=-1,c=-3 a eee 
ee wht Vb? = 4ac _ 104-92 
, 2a 2 
_ yen? - 4-3) _ 10+2V23 
Eis 21 Z 
_1441+22 = 5423 
scares The solutions are 5+-/23 and 5—-/23. 
— i 8. 6x(x+1)=x-1 
6x? +6x=x-1 
The solutions are 1+V13 and 1-13 | 6x? +5x+1=0 
2 2 (2x+1)(3x+1)=0 
Betas AO. ore 3x+1=0 
a=1,b=-3,c=-5 | ne ee 
x=-— x=-— 
Rene Vb? -4ac 2 3 
2a The solutions are “5 and -5. 
ee DEMS? = 405) | 
2:1 
_ 3+9+20 
2 
_ 3429 
2 
The solutions are 2 a and 3 a8 : 


9. 4y7+9=0 13. 
4y? =-9 
prae2 
ae tA 


eee [_3 
: 4 
Dre poe 
ye 4 
Or 
a is not a real number. 


The equation has no real number solution. 


14. 


5x? +20x+12=0 
aQ=0,b=20,6e=12 


«bt Vb? = ac 


2a 


_ -204 (20) — 4(5)(12) 


2-5 
_ -20+ 4400-240 


10 

_ -20+-V160 

“FAG 

_ -20+4V10 

SE 

_ -10+2V10 
5 


10. 


15. 


a = seen 


The solutions are 


11. x?-4x+1=0 
a=1,b=-4,c=1 
_ -b+¥b? -4ac 
2a 
ee MEV? - 40 
2-1 
_ 4416-4 
2 
_ 4412 


2 
_ 442y3 


Des 
=2+73 
The solutions are Daa and eas, 


16. 


x? -x=30 
x* -x-30=0 
(x+5)(x-6)=0 
x+5=0 x-6=0 
x=-5 x=6 
The solutions are —5 and 6. 


12. 


3 2+ 
The solutions are 
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6x? +13x-28=0 
(3x-—4)(2x+7)=0 
3x-4=0 2x+7=0 
3x=4 - £2x=-7 
4 7 


Bese bls Fee, 


The solutions are : and Pel 


2 
x? =40 


VP =f 
x=+/40 
x=+2,/10 


The solutions are 2V10 and -2V10 ; 


3x? -4x=1 
3x* -4x-1=0 
a=3,b=-4,c=-1 


_ -b+-Vb? -4ac 
- 2a 


2-3 
_ 4416412 

6 
_ 44428 


6 
ae oT 


6 
2+ 7 
3 


~ 














x*-2x-10=0 
a=1,b=-2,c=-10 
_ -b +b? = 4ac 
2a 
_ 2) t-y(-2)? - 40-10) 
2-1 
_ 244440 
2 


_ 24/44 
2 
_ 24211 


2 
=1+ 11 


The solutions are lait and 1 Salli, : 


17. x*-12x+27=0 


(x-3)(x-9)=0 


x-3=0 x-9=0 
x=9 


x=3 


The solutions are 3 and 9. 
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18. (x-7)? =81 


\@-7? =181 
x-7=+,)81 
x-7=19 

x-7=9 x-7=-9 

x=16 x=—2 

The solutions are 16 and —2. 


19. 


20. 





21. (y+4)* -25=0 
(y+4)? =25 


V(y+4)? = 25 
yt4=+)25 
y+4=45 

yt4=5 y+4=-5 
y=1 y=-9 
The solutions are 1 and -9. 


22. 4x? +16x=7 
4x* +16x-7=0 
a=4,b=16,c=-7 

_=b +b? ~ 4ac 


2a 


ra lbt Ja 6)? - 4(4)(-7) 


2-4 
_ -16+-/256 +112 


8 
be -16 +368 


8 
_ 164423 
4 8 
_ 4423 
2 


The solutions are —— and x4=23 


2 


23. 24x? +34x+5=0 
(6x +1)(4x +5) =0 


6x+1=0 4x+5=0 
6x=-1 4x=-5 
1 5 
x=-— =-—— 
6 4 


The solutions are -2 and me 


4 


25. 


26. 


x? =4x-8 
x? -4x+8=0 
a=1,b=-4,c=8 
ea ote? = 4ac 


2a . 
ee H tH? - 408) 
Zh 
e 4+16-32 
2 


\-16 is not a real number. 
The equation has no real number solution. 


x7 -5=8x 
x? -8x-5=0 
a=1,b=-8,c=-5 


ee wht Vb? = ac 


2a 


~(-8) + (-8)? - 40-5) 


2-1 
_ 8+464+20 


2 
_ 8+-/84 


2 
822,21 — 


2 
=4+,21 
The solutions are 44-/21 and 4=4)91. 


25(2x? —2x +1) =(x +3)? 
50x2 -—50x+25=x7 +6x+9 
49x? -56x+16=0 
(7x-4)(7x-4)=0 — 
7x-4=0 7x-4=0 

7x =4 7Tx=4 

4 4 
x=— x=— 


1 7 


The solution is <. 


S 


29. 


30. 


See aN A een, 
4 & 
| | 
Nl] 
CE ers 
nv ‘S 
I TT} 
flo 
flo 


Se 
ey 4 
2) 2 
lee 1 3 
LS OS I 
222 2 D: 
Biel Banal 
x=—+— x=-—+t— 
22 2 2. 
aes oe 
2 
ae x=-l 


The solutions are 2 and —1. 


16x? =30x-9 
16x? -30x+9=0 
(8x —3)(2x —3)=0 
8x-3=0 2x-3=0 
8x =3 2h= 3 
3 3 
x=— x=— 
8 2 


The solutions are ; and =. 


x? +7x=3 
x? +7x-3=0 
a=1,b=7,c=-3 
-b +b? - 4ac 
2a 
-74 (1)? - 40-3) 
2-1 


-7+ f49 +12 


SD 
_-7+V61 
2 
The solutions are 5 
12x? +10 = 29x 


12x? -29x+10=0 
(12x —5)(x-2) =0 
12x-5=0 x-2=0 
12x=5 Se) 
5 
x=— 


12 


The solutions are = and 2. 


-7+-/61 an Staal) 


2 


31. 


32. 


33. 


34. 


35. 


36. 
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A(x -3)* =20 
(x-3)* =5 


x-3)? = 5 
x-3=1)5 
x-3=5 x-3=-J5 
x=3+45 x=3-75 


The solutions are 3+ V5 and 3-— VS. 


x? +8x-3=0 
a=1,b=8,c=-3 


-b +yb2 —4ac 
2a 
-3+4/? —4(1)(-3) 
2:1 
-8+64+12 


-8+/76 
2 
_ -842V19 


Z 
=-4+19 


The solutions are —4+ 19 and —4- V19. 


(x+9)? =x411 
x7 4+18x+8l=x+411 


x* +17x+70=0 
(x +7)(x+10)=0 
x+7=0 <x+10=0 
x=-7 x=-10. 
The solutions are —7 and —10. 


(x-2)* -24=0 

(x-2)? = 24 
x-2=+)24 
x-2=+42V6 


x-2=2V6 — x-2=-2V6 
x=2+2V6 x=2-2V6 


The solutions are 2+ 26 and 2— 2/6 : 
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37. x*+6x+12=0 
a=1,b=6,c=12 


ee wht Nb? = 4ac 


2a 


ae +(6? -4(1)(12) 
2-1 
* -6+ 36 — 48 


V-12 is not a real number. 


The equation has no real number solution. 


38. x7 +6x-2=0 
a=1,b=6,c=-2 


ee wht Nb? ~ 4ac 


2a 


ex EMO? = 40-2) 
2-1 
~76t ¥36+8 


_-6+2Vi1 


2 
=-3+11 


The solutions are —3+ V11 and -—3- fil. ] 


39. 18x” —52x =6 
18x? -52x-6=0 
2(9x? —26x-3) =0 
9x* -26x-3=0 
(9x +1)(x-3)=0 
9x+1=0 x-3 

9x=-1 x 

1 

x=-— 


The solutions are -5 and 3. 


40. 2x7 +5x=1 
2x? +5x-1=0 
a=2,b=5,c=-1 
enh tb? = 4a0 

2a 


ee DEVO? = 42-1) 


2-2 
a ~5+./25+8 


4 
_ -5 +33 
4 


The solutions are ae an 


41. 





42. x7 4+3=9x 
x7 -9x+3=0 
a=1,b=-9,c=3 

_ -b+-¥b? - 4ac 


x 
2a 


ee ENE? = 40) 


2:1 


_ 9481-12 





The solutions are 


43. 2x7 +5=7x 
2x? -7x+5=0 
(2x -5)(x-1) =0 
2x-5=0 x-1 
2x=5 x 

5 

x== 


2 


The solutions are : and 1. 


0 
1 





a ie 


2 


45. 


Strategy 
¢ This is a distance-rate problem. 
¢ Rate of the air balloon in calm air: r 


Distance Rate Time 


Against the wind 


With wind 





e The time traveling against the wind is an hour 
more than the time traveling with the wind. 


Solution 


60 60 
=1+- 
r=5 r+5 








(r-syr+5{ 2) =(r-Syr+5{ 14S) 
i—9 r+5 


60(r +5) =(r—5)(r +5) + 60(r—5) 
60r +300 =r? — 25+ 60r—300 

0=r? -625 
0 =(r—25)(r +25) 

r-25=0 r+25=0 

r=25 r=-25 
The solution —25 is not possible. 
The rate of the air balloon in calm air is 25 mph. 


Strategy 

¢ This is a geometry problem. 
¢ Length of the base: x 
Height: 2x +2 


The area is 20 m2. 


¢ Use the equation A= sh ; 


Solution 
Ee ey bh 
2 
20 = sax +2) 


200 =x? +x 
O0=x72+x-20 
0=(x+5)(x-4) 
x+5=0 x-4=0 
x=-5 x=4 
The solution —5 is not possible. 
2x+2=2(4)+2=10 
The height is 10 m. 
The base is 4 m. 
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47. Strategy 


¢ This is a consecutive integer problem. 

e First odd positive integer: n 

Second odd positive integer: n + 2 

¢ The sum of the squares of the two consecutive 
positive integers is 34. 


Solution 
n? +(n+2)? =34 
n? +n? +4n+4=34 
2n* +4n+4=34 
2n? +.4n-30=0 
2(n? +2n-15)=0 
2(n+5)(n-3)=0 
n+5=0 n-3=0 
n=-5 n=3 
The solution —5 is not possible, since it is not a 
positive integer. 
n+2=34+2=5 
The integers are 3 and 5. 


. Strategy 


e This is a distance-rate problem. 
e The rate at which the campers rowed: r 


Distance Rate Time 


Downstream 


Upstream 





¢ The total time for the trip was 5 h. 


Solution 
12 12 
——— + = 
r+1 r-1l 
(r+ly(r-1 ee gail }=0+D"-D6) 
r+l r-1 


12(r-1) +12(r +1) =(r? -1)(5) 

12r-12+12r +12 =5r? -5 
0=5r? -24r-5 
0 =(5r+1)(r—-5) 


The solution “= is not possible. 


The rate at which the campers rowed was 5 mph. 


326 
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Strategy 
To find the time, substitute 12 for A in the 


equation h = 32t- 1617 and solve for t. 


Solution 
h=32t-16t7 
12 =32t-1612 
162 —32r+12=0 
4(4t? —81+3)=0 
40? -81+3=0 
(2t-1)(2t-3) =0 
2t-1=0 2t-3=0 
2t=1 2t=3 
1 3 


=— t=-— 


2 
The objective will be 12 ft above the ground at 
1 3 
— sand —s. 
2 2 
Strategy 
e This is a work problem. 
¢ Time for larger drain to empty the tank: t 
Time for smaller drain to empty the tank: ¢ + 8 


Rate Time Part 


Larger drain 


Smaller drain 





e The sum of the parts of the task completed must 


‘equal 1. 


Solution 
SS 
—+—=1 
t t+8 


rr+8(2+—) =t(t+8)(1) 
t t+8 
3(t +8)3 + 3t = t(t +8) 
3t+2443t=17 +8 
O=17 +21-24 
0=(t-4)(t+6) 
t-4=0 1+6=0 
t=4 t=-6 
The solution —6 is not possible. 
t+8=4+8=12 
It would take the larger drain 4 h to empty the 


tank. It would take the smaller drain 12 h to empty 
the tank. 


Chapter Test 


1. 3(x+4)* -60=0 
3(x +4)? = 60 
(x+4)? =20 
\(x+4)? = 20 
x+4=42J5 
x+4=25 x+4=-2V5 
x=-44+25 x=-4-2,/5 
The solutions are 4425 and 2429/5: 


2. 2x? +8x =3 
2x? +8x-3=0 
a=2,b=8%c=—5. | 

_ -b+-¥b? = 4ac 


2a 


fe -8+ (8)? - 4(2)(-3) 
2:2 
-8+64+24 


The solutions are oe and 4-22 


wy 
3. 3x? +7x =20 
3x? +7x-20=0 
(3x —5)(x+4)=0 
3x-5=0 x+4=0 
3x=5 x=-4 
5 
x= > 
3 


The solutions are 5 and -4. 


4. x* -3x =6 
x? -3x-6=0 
a=1,b=-3,c=-6 
_-b+Vb? - 4ac 
2a 
~(-3)+ 4-3)? - 40-6) 
2:1 
_34+¥9+24 3433 - 
2 2 


The solutions are a and 3-33, 


2 


5 x? +4x-16=0 
a=1,b=4,c=-16 


_-bt b? —4ac 
2a 


ee tte? 40-16) 
avert 


2 
=-2+2)5 
The solutions are —2+ 25 and -—2- WS. ss 


x 


6. 





7. x2 +4x42=0 


a=1,b=4,c=2 
_ -b +b? - 4ac 
2a 


ies -4+ (4)? - 4) 


2:1 
_ 4416-8 _ -4+ 8 
2 2 
= AE? 9248 
The solutions are ~2+4/2 and =D 


8. x7 +3x=8 


a3r1 eRe 
4 4 


( a)" 41 
x+=] =— 
2 4 


eel 
2. 2 
bg Sig olde ,3--M41 
222 2 2 
3 AAl 3 V41 
x =-—+— x=---— 
De Dige re. 
oo ev al _-3-V41 
252 2 
= 3-741 
The solutions are ao and E a 
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9. 2x?-5x-3=0 

(2x +1)(x-3)=0 
2x+1=0 x-3=0 
apes: cS 


x=-— 
The solutions are 5 and 3. 


10. 2x? -6x+1=0 
a=2,b=-6,c=1 


_-b+Vb? -4ac 
2a 
ne ~(6) (6)? - 4(2)(0) 


2-2 
_ 6436-8 
4 
_ 64428 _6+2V7 


4 4 
3417 
2 








oad and 3-V7 


The solutions are 5 


11.0 3x2 -x=1 
3x2 -x-1=0 © 
a=3,b=-1,c=-1 
ee wht Nb? - 4ac 


2a 


oo ~(-1) + y(-1)? - 4-1) 


2-3 
_1tvi+12 _ 14413 
6 6 


1+13 - ae 
6 ape 


The solutions are 





12. 2x5)? =36 
(x-5)* =18 
(x-5)? =Vi8 
x-5=43/2 
x=5+32 
The solutions are 5 aD and 5 —3,/2. 
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"43. x? -6x-5=0 17. x2 +3x-7=0 
a=1,b=-6,c=-5 a=1,b=3,c=-7 
_ -bt-1b = 4ac ew bb? = 4a0 
bz 2a é 2a 
eect NK6? = 4-5) pe BENG? -4OCD 
= wet 2-1 
p= 04 ¥36+ 20 _ 6 +56 _-34¥9+28 _ -3+V37 
a 2 "2 2 oa 
+214 es ae 
~ S824 54 fia The solutions are ane and SEE, 
The solutions are 3+-/14 and 3—/14. 9 
18. 2x°-4x-5=0 
14.0 x*-5x=1 a=2,b=4,c=-5 
x? -5x-1=0 _ -b+-Vb? -4ac 
a=1,b=-5,c=-1 ‘aaa 
2 
x= btvbt ~4ac Pe. (4)? - 422-5) 
2a 2-2 
_ 5) t 1-5)? - 4D —42v16+40 
bs 4 4 
_ 542544 5429 _ 44-56 _ 44214 
el ep ‘a 4 
oy 2414 
The solutions are aoa and ee = 2 
15. x? -5x=2 The solutions are ae and ——- 
x? -5x-2=0 
et WasS CaeD 19. 2x*-3x-2=0 
(2x +1)(x-2) =0 
2 
_~btVb? -4ac 2x+1=0 x-2=0 
2a 2x=-1 x=2 
oe ~(-5) + (-5)? - 40)(-2) 32— 
on 
sce 425+8 5+ N33 The solutions are “+ and 2. 
Ls SAPS ss 
fe y 
The solutions are 5433 and 5-33 LT RAE TF 
2 2 YT ATTA 
pO 
16. 6x2 iee=5 LN f+ 
6x2 -17x+5=0 
(2x -5)(3x-1)=0 . Diag 
ete ee 21. ie 2x =3 
2x=5 3x=1 : 3x" —2x-3=0 
re Bad ‘ a=3,b=-2,c=-3 
ee ee , eae 
; 5 ] to 
The solutions are a and =f 2a 
pe OD EVCD? - 43) 
2:3 
_2+V4+36 _ 2440 
6 6 
_2+2V10 _1+/10 
6 3 


The solutions are 


Lae ang 1-10. 


- 22. 


23. 


Strategy 

¢ This is a geometry problem. 
¢ Width of the rectangle: x 
Length of the rectangle: 2x — 2 


The area is 40 ft”. 
¢ Use the equation A = LW. 


“Solution 
A=LW 
40 = (2x —2)(x) 
40 = 2x2 -2x 
0 = 2x? -2x-40 
0 =2(x? -x-20) 
O0=x?-x-20 


0=(x-5)(x+4) 
x-5=0. x+4=0 
= x=-4 
The solution —4 is not possible. 
2x-2=2(5)-2=8 
The width of the rectangle is 5 ft. 
The length of the rectangle is 8 ft. 


Strategy - 
° This is a distance-rate problem. 
° Rate of the boat in calm water: r 


Distance Rate 


With current 


Against current 





e The time to travel against the current is 1 h more 
than the time to travel with the current. 


Solution 


(r+1)(r- {o fe =(r+)C- if} 
Bee rool 
60(r -1) + (7 +1)(r-1) = 60(7 +1) 


60r -60+r* -1=60r+60 
r? +60r—61 = 60r+60 
r? -121=0 
(r+11)(r-11) =0 
r+11=0 r-11=0 
r=-l1 nl 
The solution —11 is not possible. 
The rate of the boat in calm water is 11 mph. 
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. Strategy 


¢ This is a consecutive integer problem. 

¢ First odd integer: n : 
Second odd integer: n + 2 
Third odd integer: n + 4 

¢ The sum of the squares of the three consecutive 
odd integers is 83. 


Solution 

n? +(n+2)" +(n+4)? =83 
n? +(n2 +4n+4)+(n2 +8n +16) = 83 
3n? +12n-63 =0 
3(n? +4n-21)=0 
3(n + 7)(n-3) =0 

n+7=0 n-3=0 

n=-7 n=3 


n+2=-74+2=-5 n+2=34+2=5 
The middle odd integer is —5 or 5. 


. Strategy 


° This is a distance-rate problem. 
¢ Rate of the jogger for the first 7 mi: r _ 


Distance Rate Time 


First part of run 


Second part of run 





¢ The total time for the 15 mi run was 3 h. 


Solution 
Sy : =3 
r r=3 
nr-3)( 24) =nr-3)3 
r r-3 
Wr —3) + 8r = 3r(r—-3) 
: Tr -21+8r = 3r? -9r 
15r—21=3r? -9r 
0=3r? -24r+21 
0=3(r? -8r+7) 
0=3(r-7)(r-1) 
r-7=0 r-1=0 
r=7 





r=1 
r—3=7-3=4 r—-3=1-3=-2 
The solution —2 is not possible. 
The rate of the jogger for the last 8 mi was 4 mph. 
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Cumulative Review Exercises 7. 


1. 2x-3[2x-4(3-2x)+2]-3 
= 2x —3[2x -12+8x+2]-3 
= 2x —3[10x-10]-3 


= 2x -30x+30-3 8. 
22784407 
3 9 
2 ss eerie 
5-310 


The solution is =. 


3. 2x-3(4x-5)=-3x-6 10. 
2x -12x+15=-3x-6 
-10x +15 =-3x-6 
-10x+3x+15=-3x+3x-6 
-7x+15=-6 

-7x+15-15=-6-15 

-7x =-21 

ee 

7 -7 

x=3 


The solution is 3. 


4. 2x-3(2-3x)>2x-5 
2x-6+9x>2x-5 
llx-6>2x-5 
—2x+11x-6>-—2x+2x-5 
9x-6>-5 
9x-6+6>-5+6 
9x>1 
9x 1 
—> 


11. 


Sao 


1 
>= 


5. x-intercept y-intercept 
4x-—3(0)=12 4(0)-3y=12 
4x =12 —3y=12 
x=3 y=-4 
(3, 0) (0, -4) 


4 12. 
6. m= ae (4, 4) =(-3, 2) 


y-yy =mx-x) 
y-2=-S[x-(-3)] 


y= 2 ==> 
3 
4 
-2=-—x-4 
y 37 


4 
Ste 
a er 


The domain is {—2, —1, 0, 1, 2, 3}. 

The range is {-8, -1, 0, 1, 8}. 

No ordered pairs have the same first coordinate. 
The relation is a function. 


f(x) =-3x +10 
f(-9) =-3(-9) +10 
f(-9) =27+10 
f(-9) = 37 
The value of f(-9) is 37. 





2x-3y>6 
—3y>-2x+6 | 


y< = =—2 
Sketch a dashed line. 
y= Sx -2 
Shaded below the dashed line. 





Q@) 3x-y=5 
(2) y=2x-3 
Substitute in equation (1). 
3x-y=5 
3x —(2x-3)=5 
3x-2x+3=5 
x+3=5 


Substitute a ies in equation (2). 
y=2x-3 

y=2(2)-3 

y=4-3 

y=1 

The solution is (2, 1). 


(1) 3x+2y=2 
(2) 5x-2y=14 
Add the equations. 
8x =16. 
ses) ; 
Substitute 2 for x in equation (1). 
3x+2y=2 
3(2)+2y =2 
6+2y=2 
2y=-4 
y=-2 
The solution is (2, —2). 


13. 


14. 


15. 


16. 


17. 


18. 


19. 


2 sind) sg? a Wal 
~3a>p* ~~ -3q-5p4 
seas By wade 
~ =3a5h4 3p? 
x+2 
x-2),? +0x-8 
x? —2x 
2c 3 
2x-4 
—4 


(x? -8)+(x-2) =x+2- 








x-2 
4y(x — 4) -—3(x -— 4) =(x- 4)(4y-3) 


3x? +2x? -8x = x(3x? +2x-8) 
= x(3x? —4x+6x-8) 
= x{(3x? —4x) +(6x-8)] 
= x[x(3x — 4) + 2(3x -4)] 
= x(3x — 4)(x +2) 


3x? —6x di 2x7 +x-6 

4x-6 6x*-24x 

3x? -6x : 6x? -24x 
4x-6 2x?+x-6 

_ 3x(x-2) 6x(x-4) 

~ 2(2x—3) (2x—3)(x+2) 

_ 9x?(x-2)(x-4) 

~ (2x-3)2(x +2) 





S cee 1 OI 

Ax-1) (x-1ix4t1) 

Thetiipitler wll 2 

~ Ux-1) x41 (x-D(x+1) 2 
xr +x 2 


~2q-DatD 2a-Dat) 


Ax-1)(x+1) 20-=T)(x«+1) 
= x+2 : 
2(x+1) 





30-4) 
| (2x+5)(x~3) 
_ x-4 
~ x45 





20. 


21. 


22. 


23. 
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oe 
x+6 


x(x+ o{—=,] =x(x+ 6{3] 
x+6 x 


xx =(x+6)-3 
x? =3x418 
x? -3x-18=0 
(x +3)(x-6)=0 
x+3=0 x-6=0 
x=-3 x=6 
The solutions are —3 and 6. 


(la — 2a +12) = Va? - V2? 


=a-2 





pe 
z 


3=8-5x 
—5 =- 5x 
5= 5x 
5? =(/5x)? 


25 = 5x 
Sy 





The solution is 5. 


2x? -7x=-3 
2x? -7x+3=0. 
(2x -1)(x -3) =0 
2x-1=0 x-3=0 
DX a 
1 
x=— 


The solutions are : and 3. 


3(x — 2)? =36 
(x-2)? =12 
(x-2)? =V12 
x-2=+2,)3 
x=242,3 
The solutions are 2+ 23 and 2-2y3 : 
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25, 3x2 -4x-5=0 


26. 


27. 


28. 





a=3,b=-4,c=-5 


ane -b+1b? -4ac 


2a 


. ~(-4) + (4)? - 4-5) 
a 2-3 
a 4+./16+60 
6 
é 44/76 








The solutions are 


a al a 





Strategy 
¢ To find the cost, solve the basic percent equation 


using A= $2.61 and P= 12% = 0.0725. The 
base is unknown. ‘ 


Solution 
PB=A 
0.0725B = 2.61 
0.0725B_ 2.61 
0.0725 0.0725 
B=36 
The cost of the textbook is $36. 








Strategy 
e Cost per pound of mixture: x 


Value 
20(3.50) 
$0(1.75) 


Amount Cost 
Cashews 


Peanuts 
Mixture 70x 


¢ The sum of the values before mixing equals the 
value after mixing. 


Solution 
20(3.50) + 50(1.75) = 70x 
70.00 + 87.50 = 70x 
157.50 = 70x 


D2, 
The cost of the mixture is $2.25 per pound. 


29. 


30. 


31. 


Strategy . 

To find the number of additional shares, write and 
solve a proportion using x to represent the number 
of additional shares. Then 100 + x is the total 
number of shares. 


Solution 
215 _ 752.50 
100 100+x 
215 
100(100 + 25) =100(100 + af 
(100 + x)215 = 100(752.50) 
21,500 + 215x = 75,250 
215x = 53,750 
x =250 
250 additional shares are required. 





a 
100+x 


Strategy 
e Rate of the plane in still air: r 
¢ Rate-of the wind: w 


Rate Time Distance 


With wind r+w 
Against wind r-w 


e The distance traveled with the wind is 720 mi. 
The distance traveled against the wind is 720 mi. 





Solution 
3(r + w) = 720 
4.5(r -w) = 720 


1 aw) =4-720 
3 3 


1S 45 SH) 2 70 
45 45 


r+w=240 
r—w=160 
2r = 400 
r=200 
r+w=240 
200 + w = 240 
w=40 
The rate of the plane in still air is 200 mph. 
The rate of the wind is 40 mph. 


Strategy 

Score on fifth test: x 

Write and solve an inequality using x to represent 
the student’s score on the fifth test. 


Solution 
The sum of the five test scores is greater than or 
equal to 400 points. 
70+91+85+77+x=400 
323+x 2400 - 
xe 
The student must receive a score of 77 or better. 


32. Strategy 
To find the length of the guy wire, use the 
Pythagorean Theorem. One leg is the distance 
from the bottom of the wire to the base of the 
telephone pole. The other leg is the distance from 
the top of the wire to the base of the telephone 
pole. The guy wire is the hypotenuse. Solve the 
Pythagorean Theorem for the hypotenuse. 


Solution 

c= Va? +b 

c= (0) +(30)” 
c= 1100 + 900 
c= 1000 

c= 31.62 


The length of the guy wire is approximately 
31.62 m. 


33. Strategy 
¢ First odd integer: x 
Second odd integer: x + 2 
Third odd integer: x + 4 
¢ The sum of the squares of the three consecutive 
integers is 155. 


Solution 
x? +(x+2)* +(x+ 4)? =155 
x7 x7 44x444x7 +8x4+16 = 155 
3x? +12x+20=155 
3x? +12x-135=0 
3(x? +4x-45)=0 
3(x +9)(x-5) =0 
x+9=0 x-5=0 
x=-9 x=5 
x+2=-94+2=-7 x+2=54+2=7 
The middle integer is 7 or —7. 


Final Exam 
1, -+3)=-3 


2. -15-(-12)-3=-15+12-3 
=-3-3 
=~-6 


3. 1 = = (100%) = 22% = 12.59% 
4. -24(-2)4 =-16(16) 
=-256 
12=15 -3 
-(-4) = -7-—-(-4 
2-cy < ) 3 (-4) 
=-7-(-1)-(-4) 
=-7-(4) 
=-11 
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a? -3b (3)? -3(-2) 
2a-2b* 2(3)-2(-2)? 
_ 9-3(-2) 
~ 2(3)-2(4) 
e2t6 
6-8 





7. 6x—(—4y)—(-3x)+2y =6x+4y+3x+2y 


=9x+6y 
8. (-15e{ -2) = 6z 


9, -2[5—3(2x—7)-2x] =-2[5—6x +21—2x] 


= —2[-8x + 26] 
=16x-52 
10. 0 #=>x 
5 
5 Sf 
-—(20) =-=}| -— 
2! ) ={ =] 
-50=x 


The solution is —50. 


11. 4-2(3x4+1)=3(2-x)+5 
4-6x-2=6-3x+5 
—6x+2=-3x+11 
—6x+3x+2 =-3x+3x+11 
-3x+2=11 
—3x+2-2=11-2 
—3x=9 
~3x 9 
3. «C« +3 
x=-3 
The solution is -3. 


12. PB=A 
0.19(80) = A 


15.2=A 
19% of 80 is 15.2. 


13. 4-x27 
4-4-x27-4 
—-x23 
—1(—x) < -1(3) 
xs-3 


14. 2-2y-1)<2y-6 
2-2y+2<s2y-6 
-2y+4<2y-6 
—-2y-2y+4<2y-2y-6 
—4y+4<-6 
—4y+4-4<-6-4 
—4y <-10 
ayaa!) 
4 -4 


y2 


N/[wn 
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15. 


16. 





19. 


20. 


21. 
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(x1, y) = (ls =3); (x9, y2) = (2,-1) 22. 
& yg Fy NG) 2 


The slope of the line is >: 


m=—=. (4.9) = G4) 
y-yy =m(x- x) 
y-(-4)=-56-3) 


2 
+4=-—x+2 
y x 


23. 


25. 


f@)=-x+5 

F(-6) = -(-6) +5 =6+5=11 

F(-3) = (-3)+5=34+5=8 
f(0)=-(0)+5=0+5=5 
{@G)=-3+5=2 
f®=-6+5=-1 

The domain is {-1, 2, 5, 8, 11}. 


26. 


27. 





(Q) y=4x-7 
(2) y=2x+5 
Substitute into equation (2). 
4x-7=2x+5 
2x-7=5 28. 
2x=12 
x=6 
Substitute x in equation (1). 
y=4x-7 
y=46) =.) 
y=24-7 
y=17 S 
The solution is (6, 17). 


() 4x-3y=11 

(2) 2x+Sy=-1 

Eliminate x and add the equations. 
4x-3y=11 4x-3y=11 


-2(2x +5y)=-l(-2) -4x-10y =2 


—13y =13 
y=-l 
Replace y in equation (2). 
2x+5y=-1 
2x+5(-1) =-1 
2x-5S=-1 
2x=4 


x=2 
The solution is (2, —1). 


(2x? —5x+1)—-(5x” -2x-7) 
= (2x? —5x+1)+(-5Sx? +2x+7) 
=—3x? —3x+8 
(-3xy3)4 = (-3)4 x4 y!2 ps 81x4 yl? 
3x? —x-2 
2x+3 
9x? -3x-6 
6x? -2x? -4x 
6x? + 7x? -7x-6 
(2x? yy) 2 aty? 
< -8x5y? 
16x~y8 
aw 
2 





(4x72y)3(2xy-2)2 = (43 x-Sy3)(272 x-2y4) 
(Fle) 
x® 27x? 
_ 64y’ _ 16y? 
<3 4x8 i x8 














12x y? -16x?y* =20y" 


4xy” 
= 12x3y? 2 16xy? s 20y? 
4xy? 4xy? xy” 

= 3x? -4x- = 


29. 


30. 
31. 


32. 


33. 


34. 


35. 


36. 


37. 


38. 


39. 


5x-12 
x+2)5x?- 2x-1 
5x? +10x 
=12%-1 
-12x-24 


2B 
(5x2 -2x-1)+(x+2)=5x-124+——— 
x+2 


0.000000039 = 3.9-1078 


2a(4—x)—6(x — 4) = 2a(4- x) +6(4—-~x) 
=(4-x)(2a+6) 
= 2(4-x)(a+3) 


x” -6x-6=(x-6)(x+1) 


2x? —x-3=2x? -3x4+2x-3 
= (2x? —3x)+(2x-3) 
= x(2x — 3) +1(2x —3) 
= (2x -3)(x+1) 


6x? -5x-6 =6x" +4x-9x-6 
= (6x? +4x)-(9x +6) 
= 2x(3x + 2)-—3(3x +2) 
= (3x + 2)(2x -3) 


8x? —28x? +12x = 4x(2x? -7x +3) 
= 4x(2x? —x-6x +3) 
= 4xf(2x? — x) -(6x -3)] 
= 4x{x(2x-1)-3(2x-1)] 
= 4x(2x -1)(x-3) 


25x? -16 = (5x)? -(4)" 
= (5x +4)(5x-4) 


T5y -12x?y =3y(25- 4x7) 


= 3y[(5)* —(2x)?] 
= 3y(5 + 2x)(5— 2x) 


2x? =7x-3 
2x? -7x+3=0 
(2x -1)(x-3)=0 
2x-1=0 x-3=0 
2x=1 x=3 
1 
x=— 
2 


The solutions are ; and 3. 


2x*-3xt1 4x7 44x 
4x? —2x x -2xtl 
_ Oe DE1D _4x(x +1) 
2xQx=T) (—T)(x-1) 
1 1 
_ Ax+l) 
x-l 
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40. The LCM is (x +3)(2x—5). 
5 OP pt Ho lereko De 3x. X43 


x+30 2x-5 x+3 2x-5 2x-5 x+3 
_ 8107-25 o 3x? +9x 
~ (x+3)(2x-5) (2x-5)(x+3) 
_ 10x-25-(3x? + 9x) 
~ (2x-5)(x +3) 
_ 10x-25-3x? - 9x 
~— (2x-5)(x +3) 
_ 3x2 +x-25 
~ (2x-5)(x +3) 


25 l-54y 2x-1 
_ x(2x-1)-547(2x-1) 
© 1(2x-1)-524(2x-1) 
_ 2x? -x-3 
2x-1-2 
_ 2x? -x-3 
ae 
_ Qx=3(x +1) 


23 
1 
=x+l1 


42. PX wiig dareosl 


3g0 Shae 3s 


5x 7, 
Gx-5 -3} Pod (4, 
5¢-03x25\a 


5x -9x+15=7 

—4x+15=7 
—4x=-8 

x=2 





43. a=3a-—2b 
a-3a=3a-—3a-—2b 


a-3a=-2b 
—2a=-2b 
ra __~-2b 
—2 —2 
a=b 


44, \49x° =72x° =7x3 


45. 2J27a +8V48a =2V3%a +8V2* -3a 
= 23" 3a +824 -3a 
= 2y3? (3a +812" 3a 
= 2-33a +8-27./3a 
= 63a +32y3a 
= 38)3a 
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52. Strategy: : 











46. is = iB : V5 +2 4% ; To find the original value, solve the basic percent 
V5-2 5-2 J5+2 equation for the base. The percent is 80% = 0.80. 
_ ¥3(V5 +2) V5 5 +2) _ Vi5 +2v3 42/3 The amount is 2400. 
5-4 .> pope i Solution 
=Vi5 +23 oe | PB=A 
0.80B = 2400 
NE eel an | 0.80B _ 2400 
Vxt+4=14++7x-1 “0.80 ~ 0.80. 
(Vx+4)? =(1+-¥x-1)? | B =3000 ae 
igi hi 3000. 
Pe eal eel | The original value of the machine is $ 
x+4=2Vx-1+x . 53. ae jean 
5 [ea4 ¢ Number of quarters: x 
7 ene I Number of dimes: 3x 
wv; os = 2 Number Value Total Value 
ee ne ae: Quarters x 25 25x 
5=x Dimes 3x 10 10(3x) 
The soludon is 5. 
4 ¢ The total value of all the coins is 1100 cents. 
48.  (x-3)° =7 : : de 
lau? 25 | Solution 
ao ees ee 25x + 10(3x) = 1100 
(  y-3=t V7 > . } 25x +30x =1100 
e347 55x =1100- 
: x=20 
The solutions are 3++/7 and 3--/7. 3x = 3(20) = 60 
WO -4 0s 1=0 There are 60 dimes in the bank. 
a=4,b2-2,c2-1. (8-00) 54. Strategy 
be om ¢ First angle: x + 10 
| 2 
oC ~4 MCD. oust Second angle: x 
2:4 ; Third angle: x + 20 
fs 24+/44+16 ¢ The sum of the angles ofa triangle is 180°. 
aac : 
Solution 
_ 24/20 x+x+10+x+20=180 
8 3x+30=180 
_ 2425 . Sy  3x=150 
tom: ‘x=50 
tse  x+10=50+10=60 


x+20=50+20=70 
The angles are 50°, 60°, and 70°. 


50. | 
q 55. Strategy 

co ge a 

=a fol 7a | $=$1485 


~ Unknown markup rate: r 
Use the equation S = C + rC. 





51. Strategy 


The unknown number: x Doe: ae = Solution 
_ Twice the number: 2x S=C+rC 
The difference between the anes and two: 1485 = 900 + 900r 
x-2 1485-900 = 900 — 900 + 900r 
Three times the difference between the number ahaa 585 = 900r 
and two: 3(x-2) 585 | ~ 900r 
Solution ~ a 900 900 
0.65=r 
2x +3(x -2) =2x +3x-6 - The markup rate is 65%. 


=5x-6 


56. Strategy 
_ * Amount of money to be invested at 11%: x 


Principal Rate 


; Interest 
Amount at 8% |. 3000 | 0.08 0.08(3000) 
Amount at 11% x 0.11 0.11x 


Amount at 10% 0.10(x + 3000) 


° The total interest earned is 10% of the total 
investment. 













‘Solution 


- 0.08(3000) + 0.1 1x = 0.10(x +3000) 
240 + 0.11x =0.10x +300 
240 + 0.01x =300 
0.01x = 60 


x = 6000 
$6000 must be invested at 11%. 
57. Strategy 
° Cost per pound for the mixture: x 
Amount Cost Value 
Peanuts 
Walnuts 


Mixture 





¢ The sum of the values before mixing equals the 
value after mixing. 


Solution 
2(4) + 5(2) = 6x 
8+10=6x 
18=6x . 


3=x 
The cost per pound for the mixture is $3. 


58. Strategy 
¢ Percent concentration of acid in the mixture: x 
Amount Percent Quantity 
0.60(20) 
0.20(30) 


60% acid 
20% acid 


Mixture 50x 





¢ The sum of the quantities before mixing is equal 
to the quantity after mixing. 


Solution 
0.60(20) + 0.20(30) = 50x 
12+6=S0x 
18 =50x 
0.36 = x 


The percent concentration of acid in the mixture is 
36%. 


59. 


60. 


Final Exam 337 


Strategy 
° Rate for first part of trip: x 
Rate for second part of trip: 2x 


Rate Time Distance 


First part x ae ek: 
- Second part 2x 1.5 1.5(2x) 
¢ The total distance is 860 km. 


Solution 
1x +1.5x(2x) = 860 
1x+3x =860 
4x = 860 
G25 
The rate for the first part of the trip is 215 km/h. 
d=rt 


d=215 
The distance for the first part of the trip is 215 km. 


Strategy 
e Rate of the boat in calm water: r 
Rate of the current: c 


Rate Time Distance 


With current r+c 25 2.5(r +c) 
' Against current r-c 5 S(r—-c) 


¢ The distance traveled with the current is 50 mi. 
The distance traveled against the current is 
50 mi. 


Solution : 
1 1 
2.5(r+c)=50 —-2.5(r+c)=50-— 

Ve? ea nig ry 


5(r-—c) =50 ='50r=0)=50-= 
r+c=20 
r-c=10 

2r=30 

i= l5 
r+c=20 
15+c=20 


The rate of the boat in calm water is 15 mph. 
The rate of the current is 5 mph. 
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Strategy 63. 


¢ Width of the rectangle: x 
Length of the rectangle: x + 5 
¢ Use the equation for the area of a rectangle. 


Solution 
LW=A 
x(x +5) =50 
x? +5x=50 
x? +5x-50=0 
(x +10)(x-5)=0 
x+10=0 x-5=0 
x=-10 x=5 
The solution —10 is not possible. 


x+5=5+5=10 
The width is 5 m. The length is 10 m. 


Strategy 

To find the number of ounces, write and solve a 
proportion using x to represent the unknown 
number of ounces. - 


Solution 


eee 64, 


2 x 
of) (12) 
2 x 
15x = 240 


x=16 
The required amount of dye is 16 oz. 


Strategy 
* Time to complete the task working together: ¢ 


Rate Time Part 


‘Chef 


Apprentice 





¢ The sum of the parts of the task completed by 
each must equal 1. 


Solution 
£ le =] 
ales 


beet 
14+ + “a =1.5(1) 


1.5t+t=1.5 
2.5t = 1.5 
t=0.6 
The time to complete the task working together is 
0.6 h (36 min). 


Strategy 
To find the leg of the triangle, substitute c = 14 


and b = 8 in the formula a=7c” —b” and solve 
for a. 


Solution 

a= Vc? —p? 

a= 14? -3? 
= 196-64 

a=~7132 


a=11.5 
The leg of the triangle is approximately 11.5 cm. 


Final Exam 339 


65. Strategy 
¢ Rate of the wind: w ~ 


Distance Rate Time 


Against wind 


With wind 





* The time spent traveling against the wind is ; h more than the time spent traveling with the wind. 


Solution 














300.1 ¥ 500 
225-w 2 225+w 
500 1 500 
2(225 — w)(225 + = 2(225 — w)(225+w) —+ 
a wor) Cae wl er] 
2(500)(225 + w) = (225 + w)(225 — w) + 2(500)(225 — w) 
1000(225 + w) = 50,625 —- w= +1000(225-w) 
225,000 + 1000w = 50,625 —w2 +225,000 - 1000w 
w? +2000w — 50,625 =0 
(w + 2025)(w — 25) =0 
w+2025=0 w-25=0 
w =—2025 w=25 
The solution —2025 is not possible. 
The rate of the wind is 25 mph. 
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Table of Properties 





Properties of Real Numbers 


The Associative Property of Addition 


If a, b, and c are real numbers, then 
(a+b)+c=a+(b+c). 


The Commutative Property of Addition 


If a and b are real numbers, then 
at+b=bta. 


The Addition Property of Zero 


If a is a real number, then 
a+0=0+a=a. 


The Multiplication Property of Zero 


If a is a real number, then 
a:0=0:a=0. 


The Inverse Property of Addition 


If a is a real number, then 
a + (—a) = (-a) +a =0. 


The Associative Property of Multiplication 


If a, b, and c are real numbers, then 
(a-b)-c=a:(b-0c). 


The Commutative Property of Multiplication 


If a and b are real numbers, then 
a-b=bD-a. 


The Multiplication Property of One 


If a is a real number, then 
a-l1=1l-a=a. 


The Inverse Property of Multiplication 
If a is a real number and a # 0, then 
= ele 
a a 
Distributive Property 


If a, b, and c are real numbers, then 
a(b + c) =ab + ac or(b + cla =ba + ca. 


Properties of Equations 


Addition Property of Equations 


The same number or variable term can be added to each side 
of an equation without changing the solution of the equation. 


Multiplication Property of Equations 


Each side of an equation can be multiplied by the same 
nonzero number without changing the solution of the 
equation. 


Properties of Inequalities 


Addition Property of Inequalities 


Ifa>b,thena+c>b+te. 
Ifa<b,thena+c<bte. 


Multiplication Property of Inequalities 


Ifa >bandc > 0, thenac > be. 
Ifa <bandc > 0, thenac < bc. 
Ifa > bandc < 0, thenac < be. 
Ifa <bandc <0, thenac > be. 


Properties of Exponents 


If m and n are integers, then x” - x” = x”"*", 
If m and n are integers, then (x")" = x". 


If x ~ 0, then x° = 1. 


: Goel x 
If m and n are integers and x # 0, then ee 
x 


If m, n, and p are integers, then (x”y")? = x™?y"?. 


If n is a positive integer and x ¥ 0, then 
Be =tandt ae 
x x 


x 


If m,n, and p are integers and y ¥ 0, then (=) = as 
y y 


Table of Properties (continued) 





Principle of Zero Products 
Ifa-b=0,thena = Oorb = 0. 


Properties of Radical Expressions 


ag 


If a and b are positive real numbers, then Vab = VaVb. If a and b are positive real numbers, then Vi ae 


> 
S 


Property of Squaring Both Sides of an Equation 


If a and b are real numbers and a = b, then a? = b’. 


Table of Symbols 





° 


+ add degree (for angles and temperature) 


= subtract Va the principal square root of a 
, (a)(b) multiply 


2 





la| the absolute value of a 
a 
—_ + ivi Lt : 
b’ aie ar reference to the HM’ Tutorial 
S parentheses, a grouping symbol 
ket i rT : : 
U1] brackets a grouping symbol 2 (C5) reference to the Videotapes Library 
7 pi, a number approximately equal to > 
whens indicat hing calculator topi 
=" the opposite, or additive inverse, of a spears ee ee 
1 : Sy eee 
= the reciprocal, or multiplicative inverse, of a a Ate , 
a ER indicates scientific calculator topics 
= is equal to 
~ is approximately equal to as x F 
of is not equal to V indicates writing exercises 
< is less than 
- is less than or equal to ¢ indicates data analysis exercises 
> is greater than , 
= is greater than or equal to 
(a, b) an ordered pair whose first component is a ee indicates exercises referencing the Internet 
and whose second component is b 
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